^ 10 maintaining ship roadiness. While recent OSD 

Stanley A. Horowitz guiilnnco highlights Iho Importance of readl 

noaa, doclslons regarding resources needed to 
Improvo Navy roadlness are made with impre 
clso knowlodge. This article examines an inte 
grated roadiness-rosoorch approach to the re> 
sourcos-to-readiness questions forships. 
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The Army’s approach to Improved 
strength forecasting 

Betty W. Holzanti Brig. Qen. 

James M. Wroth, USA (Ret.) 

A computer systom called EUM-COMPLIP is 
crodltod by Army officials as having made inv 
portant contributions to their primary goal of a 
combat.roady army within Iho nation's defense 
budgot and policlos. The authors discuss the 
dovolopmont and application of this strength- 
forecasting systom and its effect on manpower 
and budgotary requirements and allocations. 
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Resources to readiness: 
the tactical-tighter case 

John B. Abell 

A significant concorn to Congress and the 
Department of Defense Is an inability to relate 
resources to roadlnoss and sustainability. The 
sortlo-generatlon modoi discussed In this article 
offors a hybrid analytic-simulation approach to 
the rosourcos-to-readlnoss problem for tactical 
fighter forces. Tho approach may be extendable 
to othor force typos and mission categories. 

20 

Assessing aircraft design and logistics 
alternatives through simulations 

A. M. Frager anti Jacob El-Qamll 

Tho Doparlmont of Defense and the Individual 
sorvlcos recognize tho complexity and Impor. 
lance of obtaining appropriate data to Justify 
funding to Improve system readiness. In this 
articlo, tho authors proposo that a solution to 
assosslng tho potential for readiness improve' 
monl for aircraft woapon systems may exist In 
compulorsimulation modeling. 
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A task-based approach to soldier 
training 

Stanley F. Bolin 

A modern task-based training system for Army 
enllstod personnel is fostering improved indi¬ 
vidual Iralnlng and enhanced personnel man¬ 
agement. This article spotlights the Army's skill 


qualification test approach to soldier training 
and examines some of the strengths and limits' 
lions of the SQT program. The author also dis¬ 
cusses the possible evolution of the SQT model. 
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Assessing the effect of competition 
in weapon system acquisition 


James W. Orinnon 



integrating system concept with reality 
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Quality circles lorge a link 
between labor and management 


LTC Larry Shelby and Roy A. Werner 



Computer-based instruction 
for military training 


Jesse Orlansky and Joseph String 



News summary and catendar 


Analytical and empirical efforts to evaluate 
tho effect of competition on the weapon system 
acquisition process have become highly sophis¬ 
ticated. This article reviews recent advances in 
methodology for evaluating the effectiveness of 
competition. It also outlines why precise Isola¬ 
tion of the Impact of competition on the acquisi¬ 
tion process remains beyond reach. 

Meticulous planning Is requisite to successful 
development of a new weapon system. Early 
planning is essential to optimal operability and to 
ensuring that the new weapon system will com¬ 
plement existing force capabilities. This article 
spotlights the Air Force’s VANGUARD planning 
system and stresses the Importance of cross- 
mission planning In system development. 

For two decades the quality circle concept 
has beon Instrumental in improving employee- 
management relations and in enhancing the qual¬ 
ity of Japanese products and services. It has 
helped forge the widely perceived link between 
quality and the Made In Japan label. This article 
considers the potential application of the concept 
to U.S. industry and the federal government. 

Computerization pervades nearly every sphere 
of defense management. This article examines 
the growing use of computers In military training 
and instruction. Using comparative data on com¬ 
puter-based Instruction and conventional Instruc¬ 
tion, the authors offer evidence that the benefits 
of computer-based instruction are quantitative as 
well as qualitative. 

New planning, programming, and budgeting 
system for DoD; small-business advanced tech¬ 
nology program started; longer training for reserv¬ 
ists tested; enlistees trained as pilots; incentives 
to retain military personnel enhanced. 
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The ability to relate resources to ship readiness 
is essential to any crediblmpsessment 
of the impact of budget cjfifjges on the Navy's 
fighting effectiveness. 1 11 









budget submission data that would indicate the 
effect of the requested appropriations on material 
readiness. The same act also requested DoD to 
compile a repon detailing measurable materiel 
readiness requirements. 

As the Office of the Secretary of Defense began 
instituting these requirements, it identified several 
major problems that were obstructing compliance. 
In general, there were no clearly defined or agreed- 
upon measurable materiel readiness requirements. 
Although goals for operational readiness are spec¬ 
ified by several services, such goals generally are 
not relatable to any analysis of the required com¬ 
bat capability for wartime missions. Even more 
disconcerting is the fact that OSD does not have an 
ability to project the effect of appropriations on 
materiel readiness. 1 

Therefore, Congress is not alone in its ability to 
benefit from an explicit, quantitative method for 
showing the effect of outlays for readiness. Navy 
decisionmaking would also be greatly enhanced if 
it were armed with such data. Simply put, readi¬ 
ness-related data were not made available to the 
Congress before 1978 because the Department of 
Defense did not have sufficient data to estimate 
the impact of various resource levels on readiness. 
However, a continuing research program might 
put the Navy in a position to answer many 
resource-to-readiness questions for ships. 

Readiness-analysis problem 

The readiness-analysis problem consists of 
defining readiness, measuring readiness, relating 
resources to readiness, and evaluating the impor¬ 
tance of readiness. It is impossible to solve the lat¬ 
ter two parts of the problem without addressing 
how to define and measure readiness. The inability 
to clearly define the readiness of a force or unit has 
traditionally inhibited readiness analysis. This 
problem can be resolved by concentrating on as¬ 
pects of readiness we can effectively measure, and 


readiness as the ability of a force, unit, wt 
system, or equipment to achieve a specij 
defined wartime objective, others, including 
bers of the Department of Defense Reat 
Management Steering Group, have defined 
the ability of a force, unit, ship, weapon svsh 
equipment to perform the function for whic, 
organized or designed. While these definition 
concepts are not really consistent, they are ii 
related. Readiness includes material, perse 
training, and supply components. These detei 
the mission readiness of individual units. Acl 
ment of the ultimate goal—fofee effectiven 
requires consideration of such additional ft 
as threat, force size, capability, and stratej 
readiness researcher must select which aspe 
readiness to analyze and evaluate. Whatever a 
is chosen, it must be appropriate to the situ 
and measurable, especially if an analysis 
reflect real-world rather than simulated data. 

For example, in determining how to all 
funds for spare parts aboard a particular ship 
can focus on the material readiness of the si 
perform its designated missions. However, 
pose a decision must be made between a tern 
mental, highly capable system and one that it 
pie but less effective. The ease or difficul 
achieving material readiness should enter ini 
decision, but the analysis must not stop 1 
Even the inclusion of unit effectiveness i 
analysis may yield too narrow a perspecti\ 
reality, before an accurate answer can be obts 
it might be prudent to model how groups of f 
are likely to interact in combat. 

Measuring the readiness of ships 

If ship readiness is measured solely in ten 
material readiness, analysts may avail them, 
of the numerous data systems that concentre 
material condition. Two of these, the casual 
porting system and the maintenance and ms 



indicating only a slight effect on the performance 
of one or more missions, to C4, the most severe, 
indicating substantial inability to perform at least 
one primary mission. Sometimes casualty reports 
in the C2 range that are filed aboard surface ships 
are used as a vehicle to expedite shipment of a 
needed part. This factor complicates the use of this 
system’s data as a credible indicator of material 
readiness. 

The unit reporting system extends beyond con¬ 
sideration of material condition. In the area of 
material condition, the system employs criticality 
diagrams to allow assessment of mission material 
readiness. The force status system, a predecessor 
to the unit reporting system, allowed considerable 
discretion to be exercised by commanding officers 
in assessing material readiness. This appears to be 
no longer the case. 

Two other systems produce readiness-related 
data from ongoing inspection programs. The 
Board of Inspection and Survey inspects more 
than 100 ships a year. After each inspection, the 
board assigns the ship a material condition index 
score which is the sum of grades in 25 categories 
including steaming, firefighting, combat, ancl hab¬ 
itability. The Propulsion Examining Board con¬ 
ducts inspections as part of the steam propulsion 
plant improvement program and has been inspect¬ 
ing specific classes of boilers since 1973. It grades 
ships according to materials, preservation, admin¬ 
istration, knowledge, and casualty control. The 
materials segment of their findings is closely con¬ 
nected to material readiness. While the Propulsion 
Examining Board provides a summary rating, its 
inspections do not address the condition of 
weapons or of other non-propulsion equipment. 

Finally, recent work shows that it is possible to 
develop data on material readiness from the engi¬ 
neering logs of surface ships. While this is a 
tedious task, the result is dependable. Interest¬ 
ingly, log entries noting out-of-commission equip¬ 
ment correlate well with casualty reports. 


Both exercise and inspection results provide only 
snapshots of readiness ancl don’t provide a mech¬ 
anism to continuously track the readiness of a 
unit. Although the unit reporting system provides 
continuous measures of personnel, training, sup¬ 
ply ancl overall unit readiness, the relationship be¬ 
tween these indicators ancl the actual ability of 
ships to perform missions is still unverified. 

Fortunately, it is not mandatory to measure 
readiness according to a particular definition in 
order to use that definition in an analysis. While 
pure statistical analysts requires teal data, the 
usefulness of this approach is largely confined to 
studies of material readiness. At present, more 
effectiveness-oriented studies must rely on simu¬ 
lated data. If the simulation accurately reflects the 
details of the process being modeled, the output 
can be used to study readiness questions. Admit¬ 
tedly, effectiveness-oriented simulations exist, but 
seldom have they been developed or exercised with 
the purpose of uncovering and understanding 
readiness-related issues. At least for now, the 
scope of efforts to relate resources to readiness for 
ships must largely be limited to analysis of 
material readiness. 

Even when an analysis is restricted to material 
readiness, most of the available data have some 
shortfalls. Much of the data is generated from 
reports ships make themselves, ancl self-reporting 
is not necessarily accurate reporting. Board of In¬ 
spection and Survey ancl Propulsion ancl Examin¬ 
ing Board inspections arc the cause of intense 
preparation that may not reflect the usual level of 
materiel readiness. The Center for Naval Analy¬ 
ses’ cognizance of these shortcomings is reflected 
in its ship maintenance ancl supply study in which 
fleet-readiness trends from 1974 to 1977 were ana¬ 
lyzed using four sources of material-readiness 
data. The results shown in Figure 1 compare the 
levels of the four material readiness indicators in 
1977 relative to their levels in 1974. Iti each case, 
the higher numbers indicate improved readiness, 



sources. All sources show improvement from 1974 
to 1975, from 1975 to 1976, and from 1976 to 
1977, except the Board of Inspection and Survey 
data which shows deterioration between 1976 and 
1977. 

Additional analyses were performed correlating 
different measures of material readiness across 
ships. Casualty report indicators have been com¬ 
pared with Board of Inspection and Survey and 
with maintenance and material management indi¬ 
cators; force status reports have been correlated 
with Board of Inspection and Survey results. Cross 
comparisons yielded significant correlations in all 
instances. 

These analyses indicate that ships rated in good 
condition according to one indicator are likely to 
be rated in good condition according to others. 
Moreover, different indicators show similar trends 
over time. This consistency promotes the belief 
that existing data can be used to analyze material 
readiness if multiple data sources are used. 

Relating resources to readiness 

Reasonable indicators of material readiness can 
be derived from existing data. Similarly, statistical 
analyses that relate available resources for parti- 


In FY76, an experimental program was imple¬ 
mented. Under the program 41 ships received un¬ 
limited funds to buy repair parts. A control group 
of 47 similar ships did not receive the unlimited 
funds. In FY77, the control ships began receiving 
increased funding, but not at the level of the 41 
pilot ships. To measure the impact of the addi¬ 
tional money on material condition, analysts used 
data from casualty reports and the Board of In¬ 
spection and Survey. The analysts performed a 
regression analysis that corrected for pre-program 
differences between the pilot ships and the control 
ships and for time trends independent of the pro¬ 
gram. Ship age was held constant, as were fleet 
type and ship type. 

The analysis revealed that the pilot ships aver¬ 
aged 68 fewer days of serious C3 or C4 casualty 
report downtime per quarter. The control ships 
averaged 38 fewer days of downtime once they 
began to receive additional funds, hi both cases, 
an $800 investment per ship resulted in a onc-day 
decrease in C3 and C4 downtime. This result was 
verified using Board of Inspection and Survey 
data. 

Another statistical analysis relating resources to 
ship material readiness highlighted the impact of 
the number and quality of enlisted maintenance 
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or ratings, were analyzed and numerous potential 
indicators of crew quality were examined including 
education, entry test scores, paygrade, years of 
service, amount of sea duty, crew turnover, Navy 
schooling, marital status, and race. The study un¬ 
covered ways to improve the material readiness of 
boilers by increasing personnel quality or quantity 
(see Figure 2). One important finding was that 
higher skill levels are much more important in 
dealing with more complicated two-screw, 1200 
p.s.i. equipment. The derived relationships can be 
used to predict the efficiency and effectiveness of 
alternative personnel policies about training and 
recruitment. 

There are instances when resource-to-readiness 
relationships can be derived by using tools that are 
less complex than regression analysis. The possi¬ 
bility of halving the number of C3 or C4 casualty 
reports by easing the rules under which vital parts 
can be stocked aboard ship was identified by calcu¬ 
lating the expected number of failures for various 
categories of parts on one particular ship. Addi¬ 
tionally, simulation methods can be used to 
develop resource-to-readiness relationships. How¬ 
ever, this approach is more common in the avia¬ 
tion arena and has been of less utility when applied 
to vessels. 


model developed at the Naval Personnel Resean 
and Development Center. This model is a tot 
simulation of the interactions among personm 
equipment, and operational scenario. It is d 
signed to simulate the workload associated wit 
the normal activities conducted aboard a Na\ 
ship and it randomly samples events from empir 
cally derived frequency distributions. Even 
include assignment of crewmen to watches, mail 
tenance, administration, and support work; equii 
ment failures; training exercises and classes; an 
normal operations such as underway replenisl 
ment and anchoring. The model can be used to te: 
the implications of various manpower and persot 
nel policy decisions such as manning a ship with 
reduced crew or altering the paygrade or Navt 
Enlisted Classification distributions. With its abi 
ity to measure workload and derive material reac 
iness indicators, the model is a tool with which t 
assess the cost of reducing manpower level. 1 
Although the model docs not adjust for qualitativ 
factoring by allowing more experienced people t' 
perform repairs more quickly, it docs have a wid 
range of applications. 

Although there are many problems in identify 
ing and relating changes in a unit’s level of re 
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funding aggregates that are visible at the budget 
level relate to changes in resources. 

The implications of a budget change for the 
nature, quantity, and location of resources being 
bought are not always obvious. The impact of a 
budget change on a program depends upon 
where or how a given cut will be sustained. An 
across-the-board personnel cut will have a greater 
impact on readiness than a cut tailored to avoid 
critical ratings. Therefore, every budget change of 
major interest should be examined individually to 
determine which resources will be affected. Logic 
diagrams that aid this task can be developed, but 
the ability to automatically relate budget changes 
to readiness will be hampered by the uncertainty 
about where the changes will be made. 

The difficulty of analyzing operational readi¬ 
ness is a major shortcoming that signifies an 
inability to adequately evaluate the contribution of 
many kinds of schooling and unit training to na¬ 
tional defense. Unfortunately, the Navy has no 
yardstick against which to measure the contribu¬ 
tions of operators, even though a ship is much 
more than a repair shop. 

While relationships between resources and 
readiness have been developed, many important 
ones remain undeveloped or incomplete. The Navy 
now spends more than $2 billion on overhauls, and 
a study examining the effects of overhaul spending 
on the material condition of three classes of ships 
is only now nearing completion. The readiness im¬ 
plications of intermediate maintenance activities 
remain unanalyzed for ships. Indeed, much more 
can be learned about the contribution of improved 
supply techniques and better maintenance person¬ 
nel. 

Assessing the impact of budget changes 

The goal of relating resources to ship readiness 
is the assessment of the impact of budget changes 
on the effectiveness of the Navy as a fighting 
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operational readiness are lacking. Perhaps engage¬ 
ment models could be useful in such instances. 

Some feel that readiness has been shortchanged 
to increase the number and complexity of the 
weapons the Navy buys. Analysis to illuminate this 
issue would be timely and appropriate. 

One reason we are not further down the path is 
that nobody is responsible for shepherding readi¬ 
ness research. Despite the fact that the Center for 
Naval Analyses has reviewed over 130 readiness- 
related studies, there is no central point for track¬ 
ing these studies, identifying areas that have been 
well researched, selecting the most promising areas 
for new research, or converting research findings 
into management tools. To remedy these deficien¬ 
cies, the Navy should examine the possibility of 
designating a single office to monitor and manage 
future research on resource-to-readiness relation¬ 
ships and readiness trends; coordinate responses to 
readiness questions; and act as an advisory board 
to the Chief of Naval Operations on readiness mat¬ 
ters. 

The development of models to improve manage¬ 
ment and fulfill congressional requirements is a 
long-term effort. In the meantime, questions on 
readiness will have to be answered on a case-by¬ 
case basis. An office dedicated to ensuring that the 
answers are related to a coordinated, ongoing 
research program would certainly make the job 
easier. DMJ 


STANLEY A. HOROWITZ has served os direc¬ 
tor of the Institute of Nava! Studies ut the Center 
for Nava! Analyses in Alexandria , Virginia since 
December 1979. Prior to this appointment , he fed 
a study of the effects of enlisted personnel and the 
supply system on shipboard maintenance and 
readiness . Mr. Horowitz holds a master’s degree in 
economics from the University of Chicago and is a 
doctoral candidate in economics at the University 
of Chicago. His bachelor’s degree in economics is 


The Army’s approach 
to improved strength forecasting 

The ability to forecast Army strength and recruit the number and type 
of volunteers needed is essential to defense policy development. 





force; the ability to modernize it quickly 
enough to ensure that we ore able to be com¬ 
petitive with the Soviet Union; and the ability 
to be able to mobilize and sustain ourselves if 
we are called upon to have to carry out any of 
our war plans.' 

Support for two of these areas, manning the force 
and mobilization, is provided by the Army’s 
ELlM-COMPLIP(Hnlisted Loss Inventory 
Model-Computation of Manpower Programs 
Using Linear Programming) computer system. 
The system’s principal output is the Active Army 
Military Manpower Program, which presents 
forecasts for various categories of strength, gains, 
and losses. It also forecasts monthly requirements 
for initial training for the current and six future 
fiscal years. 

The ability to forecast Army strength is essential 
to defense planning, policy development, and 
budget formulation. The ability to recruit the 
number and type of volunteers needed to maintain 
Army strength at the level prescribed by defense 
policy is a prominent issue. So is the possible res¬ 
urrection of the draft. Clearly, the ability to accu¬ 
rately forecast manpower strengths that reflect 
proposed policies, programs, and budgets is ex¬ 
tremely valuable. 

The accurate forecasting of Army strength gen¬ 
erally requires projections of: 

• Availability of prospective enlistees under a 
variety of policies and projected economic, social, 
and political conditions. 

• Attrition losses. 

• Reenlistments as a function of Army person¬ 
nel policies and external conditions. 

• Various categories of strength, including 
operating strength (the number of soldiers in the 
units that make up the Army force structure), and 
individuals accounts (soldiers in training, in trans¬ 
it, in hospitals, or otherwise unavailable for 
assignment to units). 

1 Department of Defense Appropriations for t98l, hearings 


strength is what Congress bases authorization and 
funding decisions on. Army planners examine 
total and operating strengths when they consider 
what force structure the Army can man within the 
congressional strength limitation and when they 
consider how closely operating strength will match 
the number of soldiers authorized to be in units. 

Strength projections are used to determine the 
dollars needed by the Army to cover personnel 
cost. Pay and allowances, subsistence, housing, 
travel, entry training, recruiting, and bonus pay¬ 
ments are all functions of strength projections. A 
two-percent projection error, which is well within 
the acceptable accuracy for many forecasting pro¬ 
cedures, represents a budgetary impact of more 
than $200 million. This is enough to cover the an¬ 
nual operating costs of one of the Army’s 16 com¬ 
bat divisions. 

Since becoming operational nearly nine years 
ago, EL1M-COMPL1P has demonstrated the 
accuracy, responsiveness, and flexibility to con¬ 
tribute significantly to the formulation of person¬ 
nel policy, the monitoring of progress against 
goals, budgeting, and force planning. Now in its 
fourth generation, the system produces total- 
strength forecasts that are accurate within 0.5 per¬ 
cent. Figure 1 (p. 10) reflects the percent error of 
forecasts of total enlisted strength three months 
ahead of the latest available actual strength data. 
Errors are plotted for eight monthly updates pro¬ 
duced by EL1M-IV and the corresponding data for 
EL1M-1II. All of the errors are within 0.5 percent. 
Similar accuracy is obtained for projections 12 or 
more months beyond the latest actual strength 
data. Figure 2 (p. 11) shows the mean absolute 
percent error for forecasts of total enlisted losses 
from 1 to 36 months ahead of the last historical 
data. 

The initial version of COtMPLlP was developed 
over a one-month period between December 1969 
and January 1970 in response to a request from the 

Editor’s note: This article is adapted from a paper pub • 



Assistant Secretary of the Army (Manpower and 
Reserve Affairs) for a tool that would enable ex¬ 
amination of alternative manpower programs as¬ 
sociated with Vietnam- and draft-related plans and 
policies. The request was for a computerized pro¬ 
cedure to replace manual methods that were too 
slow to keep pace with the growing volume of 
w/wf-Z/'questions. COMPLIP provided the needed 
responsiveness, and because of its optimization 
methodology, produced results that were measur¬ 
ably better than those produced by manual pro¬ 
cedures. In one of its first applications, COMPLIP 
showed how the Army could adjust strength to a 
phase-down schedule with a savings of 5,000 man- 
years. Subsequently COMPLIP showed how vari¬ 
ations in draft calls could be controlled so as to 
avoid unacceptable sacrifices in strength. It also 
provided projections of both draft-induced and 
volunteer enlistments. 2 

COMPLIP is designed to determine those gains 
the Army needs to maintain operating strength in 
closest possible agreement with authorization 
targets. COMPLIP is a linear-programming 
model, or more specifically, a goal-programming 
model, that minimizes the weighted sum of the 

* Paul D. Phillips, Manpower Models for Force Structure 


mines the active Army inputs to basic training 
each month. A second solution then uses any 
residual training capacity to schedule the active- 
duty training of Reserve personnel. The optimiza¬ 
tion is subject to a variety of user-specified con¬ 
straints such as limitations on various kinds of 
gains and on strength and manycar ceilings. 

During the early usage of COMPLIP, the pro¬ 
jection of manpower losses was introduced inlo 
the m anpower program through the automation of 
manual procedures that had been developed sev¬ 
eral years earlier. This procedure was reasonably 
effective during the 1960s when Army strength was 
increasing. However, by October 1971, projection 
errors associated with this procedure had led to an 
Army of significant overstrength at a time when 
Congress had imposed a strength ceiling that was 
significantly lower than what the Army had antici¬ 
pated. To improve loss-projection capabilities, the 
Army launched an intensive effort that resulted in 
the development of HLIM which was linked with 
COMPLIP. The hybrid system became opera¬ 
tional in July 1972. J EL1M forecasts losses by ap¬ 
plying loss rates to corresponding enlisted-strength 
elements that are obtained by partitioning data re¬ 
presenting the current personnel inventory and 
then projecting the inventory through time. 

ELlM-COMPLIP is a tightly integrated system 
consisting of six major modules. There arc two 
types of inputs to the system: automated files, such 
as records maintained in the Army’s personnel ac¬ 
counting system, and user inputs, which specify 
policy constraints and controls affecting forecasts 
of loss rates. Considerable design effort has been 
devoted to providing the flexibility needed to ex¬ 
amine policy alternatives and to keeping the user 
effort within manageable limits. This ensures that 
the sytem will be responsive to requests for gener¬ 
ating alternative manpower programs within a 
period of several hours. 

J Betty W. Holz, The ELlM-COMPLIP System of Man¬ 
power Planning Models, volume I: General Overview, Gen- 
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The rate generator is designed to project loss 
rates that can be broken clown into 10 loss cate¬ 
gories and roughly 4,000 population categories, 
some of which can be defined by the user in terms 
of demographic and operational variables associ¬ 
ated with recruits. The loss rates are derived from 
exponential smoothing of time series of historical 
rates. Where appropriate, exponential smoothing 
with seasonal adjustment has been used. Also, the 
option of projecting trends or step adjustments 
under user control to reflect the effect of external 
factors such as policy changes or environmental 
conditions is provided. Initially, there was much 
concern about the feasibility of managing a system 
having so many loss rales, However, its operability 
has been ensured through design features that pro¬ 
vide for monthly automated updates of the data 
base, user intervention only on an exception basis, 
automated means of alerting the user to conditions 
requiring attention, and detailed procedures for 
reducing the labor required to input user controls. 

Inherent in the COMPLIP linear-programming 
technique is a considerable amount of flexibility 
that permits selection of constraints and objective 


generator that tailors the model to the user’s speci¬ 
fications, which include congressional strength 
limitations, projected availability and seasonal 
patterns of user-specified categories of accessions, 
and recruitment policies influencing the composi¬ 
tion and quality of recruits. 

The effect of external factors is handled differ¬ 
ently in the projections of losses and gains. The 
automated projection of losses is based on factors 
associated with the personnel in the force, Changes 
in non-demographie factors are reflected in some 
type of systematic variation in time series of af¬ 
fected loss rates. For example, there was an ob¬ 
served decrease in desertion rates following the 
withdrawal from Vietnam, with the user pro¬ 
jecting the trend to continue until the rates reached 
pre-Vietnam levels at a specified date. User con¬ 
trols also have been directed at the projected 
effects of policy changes, with rates automatically 
adjusting to expected levels following the policy 
change. This procedure has been used in address¬ 
ing changes in reenlistmcnt policy and programs 
for the discharge of marginal performers. 

On the other hand, the projection of enlistments 




nonlinear regression with the regression being 
linear in two categories of explanatory variables: 
econometric variables over which the Army has no 
control, such as unemployment rates, military-to- 
civilian pay ratios, and size of prime recruitment 
pool; and policy variables over which the Army 
does have control subject to congressional author¬ 
ization, such as extent of recruiting effort, enlist¬ 
ment options, and bonus programs. These linear 
terms are multiplied by factors that reflect sea¬ 
sonal fluctuations, and separate projections are 
made for each user-defined group such as male 
high-school graduates in the highest test score 
category. 

Another key feature of the system design is the 
linkage between the very detailed computations of 
the first three system modules (the data processor, 
rate generator, and inventory projection module) 
and those of the optimization module, which for 
reasons of computational feasibility must be con¬ 
siderably more aggregated. Specifically, the en¬ 
listed inventory is partitioned in the inventory pro¬ 
jection module, as are the loss rates and other data 
supplied by the rate generator and data processor. 
The population cells of the inventory projection 
module are projected month by month, with gains 
added, losses subtracted, and indexes adjusted to 
reflect the passage of time. However, for enlisted 
inventory elements associated with gains whose 
quantity is determined by the COMPI.IP optimi¬ 
zation procedure subsequent to the projection 
module’s run, the module computes retention rates 
that become coefficients for the linear program- 


sistent with both the projection module’s detailed 
projections and COMPLIP’s subsequent determi¬ 
nation of optimal gains. 

Perhaps the most significant features of the 
ELIM-COMPLIP system have been the ability to 
quantify strength-related impacts of proposed 
policy changes and the ability to foresee the future 
effects of emerging programs and trends. These 
capabilities have led to improved decisionmaking 
and the implementation of preventive actions 
before the onset of crisis. 

An illustrative case in point occurred shortly 
after the adoption of the all-volunteer Army, when 
ELIM data alerted officials to a sharp increase in 
the desertion rate of soliders who were in their 
eighth month of a 4-year enlistment. The increase 
in desertions was traced to soldiers who had 
received bonuses for enlisting in the combat arms. 
At that time, this bonus was awarded at the com¬ 
pletion of initial training, just before the soldier 
reported to his first unit assignment. Following 
this analysis, this bonus payment was deferred 
until the soldier reported to his unit. 

Additionally, based largely on an analysis of 
ELIM data from FY72 and FY73 enlistment co¬ 
horts, Army officials restricted eligibility for this 
bonus to high-school graduates. The analysis re¬ 
vealed that of all person-related variables, civilian 
education was clearly the most valuable for esti¬ 
mating attrition over the first nine months of 
service. It was found that only 10 percent of high- 
school graduates attrited in the first nine months, 
as opposed to 24 percent of non-graduates with 



influence of civilian education on attrition has 
been substantiated by similar analyses of the other 
services. 

The improved accuracy of ELIM-COMPL1P 
forecasts has also contributed to improved fore¬ 
casts of budgetary requirements and allocations. 
Consequently, an estimated 100 to 200 million dol¬ 
lars that were previously required each year as a 
hedge against uncertainty in forecasts arc now 
available for alternative uses. 

In the area of force planning, the contribution 
of EL1M-COMPLIP was highly evident in the 
1974 initiative to expand the active Army to 16 
divisions. The Senate had passed a bill directing a 
reduction of support troops stationed in Europe 
but had authorized retention of these soldiers if 
they were assigned to combat units. The draft had 
ended and the Army had achieved its authorized 
strength through volunteer enlistments. Attrition 
was decreasing and reenlistineuts were increasing. 
The average length of service of new soldiers was 
increasing as the gains to the enlisted force shifted 
from 2-year draftees to 3- and 4-ycar enlistees. 
ELIM-COMPLIP was forecasting a requirement 
for fewer new enlistees, with a corresponding re¬ 
duction in the individuals accounts and a reduction 
in the number of soldiers required to train these 
new enlistees. Considering all of these factors, 
ELIM-COMPLIP projected that in two years, op¬ 
erating strength would increase by about 40,000 if 
the total strength of the Army remained at 
785,000. 

Of course, it was necessary to ask whether these 


divisions that the Joint Chiefs deemed necessary. 
History tells us they were. 

Today the ELIM-COMPLIP system supports 
the Army’s mobilization planning, including the 
development of alternative manning plans for 
mobilization. If a national emergency were to spur 
resurrection of the draft, output from ELIM- 
COMPLIP would help officials determine the re¬ 
quired number of draft calls and orchestrate the 
call-up of reserve-component personnel. 

Clearly, the ELIM-COMPLIP system, by apply¬ 
ing management-science technology to personnel 
management, will continue to make a valuable 
contribution to the development of Army plans, 
programs, and policies. 2M±J 
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T he need to relate resources to readiness—the 
ability of military forces to perform their 
assigned missions—is a principal concern of Con¬ 
gress and the Department of Defense. In the FY78 
Defense Authorization Act, Congress stipulated 
that future DoD budgets include data that project 
the effect requested appropriations will have on 
readiness. 

Approaches for estimating readiness as a func¬ 
tion of resources might be said to be of two kinds. 
The first includes econometric models that depend 
on regression analysis of data reflecting historical 
or empirical observations of resource expenditures 
and military readiness. This type of approach is 
made extremely difficult, perhaps impractical, by 
the need for: 

• Historical data that reflect significant vari¬ 
ability in levels of resources and in the measure of 
readiness. 

• An understanding of the dynamic interactions 
of the allocation, expenditure, and commitment of 


• An explicit representation of the factors that 
affect readiness but which arc unmeasured and 
uncontrolled. 

Some analysts believe that regression analysis 
could be used to build useful cost-estimating rela¬ 
tionships that would apply to the resourccs-to- 
readiness estimation problem. Indeed, there is 
strong motivation for doing so because cost¬ 
estimating relationships could be powerful and 
convenient tools in the resource-allocation pro¬ 
cess. Unfortunately, the feasibility of this 
approach has yet to be demonstrated. 

The second kind of approach postulates mathe¬ 
matical models of processes, relationships, and 
resources, typically at a detailed level. Detailed 
data are required and the models employed tend to 
be tedious, cumbersome, and costly; however, 
such models might also be used to construct cost¬ 
estimating relationships. Thus, while the two ap¬ 
proaches are fundamentally different in character, 
each is a means to the same end. Some of these 
models are analytic models; others are simulation 
models; still others arc hybrid, boasting some of 
the computational speed of analytic models and 
the flexibility of simulation models. The Logistics 
Management Institute’s sortie-generation model 
represents a hybrid analytic-simulation model that 
is an example of a micro a roach that models the 






readiness as a function of resources. The approach 
is of particular interest to defense managers 
because it may well be extendable to other force 
types and mission categories. 

Dimensions of readiness 

Military readiness has two dimensions. The first 
is the responsiveness of a military force, a dimen¬ 
sion that is especially important to a one-shot 
threat. For example, the effectiveness of an air- 
defense force against a manned-bomber attack 
depends heavily on its initial responsiveness to an 
attack. The requirement for massive, quick 
response characterizes some air-defense scenarios. 
A second dimension of readiness comes into play 
when one considers a prolonged interdictivc cam¬ 
paign conducted by tactical fighters. This second 
dimension is sustainability; and, while the dimen¬ 
sion of responsiveness is still present, the sus¬ 
tainability of the force clearly dominates the 
assessment of its readiness. 

In the case of tactical fighter aircraft, the most 
direct and meaningful measure of readiness is 
maximal sortie-generation capability across time. 
It reflects both responsiveness and sustainability. 
The sortie-generation model produces a profile of 
the average number of sorties flown on each wave 
of each day over the duration of a scenario of 
interest, where the average is taken over some 
specified number of experimental replications. 

The sortie-generation model system consists of 
the model and a complex system of supporting 
software. The software system consists of two sub¬ 
systems, the spares subsystem and the maintenance 
subsystem. Data and resource allocations from 
these two subsystems are combined in data bases 
that are used as input to the sortie-generation 
model (see Figure I). Together, the model and its 
software provide a means for allocating funds to 
recoverable-spares procurement and repair that 
takes explicit account of the military essentiality of 


that represent an average air base having typical 
features and components such as aircraft, main¬ 
tenance manpower, quantities of spares, work 
centers, and .so forth. These configurations, or no¬ 
tional bases, support analyses that may be ex¬ 
tended directly to a force of aircraft of a given 
model-design-scries. Finally, the sortie-generation 
model is designed to preproccss and distill for its 
own use data from a variety of standard Air Force 
data systems. 

The sortie-generation system models the transi¬ 
tion of aircraft from one operational state to 
another. There are five such states: 

• Mission capable. 

• In or waiting for maintenance. 

• Waiting for parts. 

• Lost in combat. 

• Held in reserve. 

The first and last takeoff times of the day and the 
number of flying periods are specified by the user. 
The system divides the flying day into the specified 
number of periods and makes them of equal 
length. The sortie length and the minimal time re¬ 
quired to launch a mission-capable aircraft arc 
also user-specified and are built into the daily 
schedule by the system. 

A sortie-generation profile that is typical of 


Simply put, the model offers a 
workable approach to the prob¬ 
lem of estimating readiness as a 
function of resources. The ap¬ 
proach is of particular interest to 
defense managers because it 
may well be extendable to other 
force types and mission cate¬ 
gories. 


Aircraft 

Availability 

Model 


U '"Budge'r U Slngplno- [FI 

n A prog a ji n fl Pr ° 9ram 


Maintenance 

History 


Operating 

Instructions 


Shopping- 
List 
Program 


UiOU IUU MV 

Model 


National- 

Base 

Program 



Modified 

Manpower 


and ^ 


Performance W 

CAII CtL'UUM I 

Program 

Analyses | 




Composite; 

Data 

Base 



HT.sbrue£ff- 

Generation 

Mode- 




constrained resources coupled with a two-percent 
aircraft attrition rate. These profiles resulted from 
a scenario that required five mass launches each 
day. 

Spares subsystem 

The spares subsystem consists of five primary 
components. Each is addressed below. 

Aircraft availability model. The sortie-genera¬ 
tion model system builds upon and extends the air¬ 
craft-availability model, a state-of-the-art, multi- 
echelon inventory model developed, validated, and 
refined at the Logistics Management Institute. The 
availability model produces an availabilhy- 
versus-cost curve for each model-design aircraft, 
for each model-design-series of aircraft, and for 
any combination of the two. Given the assump¬ 
tions made in the model, each point on the curve is 
an optimum representing the least-cost mix of 
spares and depot-level repair for the level of air¬ 
craft availability. It also represents the maximal 
availability achievable for the total cost of pro¬ 
curement and repair. 

The availability-model data are derived from the 
Air Force Logistics Command’s D04I, D04IA, 
and K004 data systems. For each recoverable 


stocks, failure factors, pipeline times, flying-hour 
programs, item application by weapon system, 
base repair fractions, item unit costs and repair 
costs, and other factors that shape the resource- 
allocation solution and resulting mix of spares. 
The availability model estimates the effects of 
lateral resupply and takes explicit account of item 
commonality—the application of a component to 
more than one kind of aircraft. In short, the model 
is a powerful, flexible, resource-allocation tool for 
recoverable-spares procurement and depot-level 
repair. 

Interactive budget-allocation program. The in¬ 
teractive budget-allocation program enables the 
user to specify the amount of money he wishes to 
allocate to each model design. He docs this by spe¬ 
cifying an availability increment or budget incre¬ 
ment, either positive or negative. The program 
then displays the current budget allocation and 
availability for each model-design and the budget 
allocation and availability that would result from 
applying the increment or decrement to each 
model-design. Additionally, it monitors and dis¬ 
plays the funds allocated to the entire force, a total 
that includes the sum of dollars for procurement 
and the sum of dollars for depot-level repair. The 
two values arc optimized beyond the control of the 












costs arc ai any point in the decision process. The 
program then stores the results of the decision pro¬ 
cess so at any future time the set of spares by stock 
number and the detailed depot-level-repair pro¬ 
gram may be produced. 

Shopping-list program. The output of the inter¬ 
active budget-allocation program is subsequently 
operated on by a program called the shopping-list 
program, which uses the output from the inter¬ 
active budget-allocation program to extract from 
the availability model the quantity of spares of 
each component that results from the decision 
process and the set of availability-versus-cost 
curves that were used as input to the interactive 
program. The shopping list program produces a 
worldwide stockage level for every recoverable 
component in the Air Force sysiem. 

The distribution model. The distribution model 
operaies on the output of the shopping-list pro¬ 
gram and is designed to distribute the stock levels 
for all items among all bases and the depot so that 
the value of expected base-level backorders is 
minimized. The distribution model takes account 
of the worldwide distribution of aircraft by 
model-design-series and their collocation by base. 
It also explicitly models the cannibalization of 
shop-replaceable units from line-replaceable units. 

The distribution model produces a file for every 
Air Force base that reflects all recoverable spares 
allocated to the base by stock number and quan¬ 
tity. Collectively, these Files reflect the input budget 
originally allocated by the user of the interactive 
budget-allocation program. They also enable the 
user of the sortie-generation model to examine the 
sensitivity of the sortie-generation rate to alterna¬ 
tive budget levels at any Air Force base for any 
tactical fighter aircraft for which a similar data 
base has been created by the maintenance subsys¬ 
tem. Currently, such aircraft include the A-10, 
F-4, F-15, F-I6, and F— 111. 

Notional bases. The notional base concept of 
the sortie-generation model is based on an 
approach that estimates the sortie-generation 


Maintenance subsystem 

The maintenance subsystem of the sortic-ge 
cration model translates maintenance actions th; 
are recorded in the Air Force motntenance-dati 
collection system into Air Force specialty each 
that identify the specific skills of maintenance pe 
sonnel by work center. This subsystem also trap; 
lates unit manning documents into a number c 
authorized maintenance crews in each work centei 
estimates the number of jobs that the work cents 
can perform simultaneously; determines the pre 
portion of sorties that generate maintenance i 
each work center; and calculates the service rat 
for each center by considering the average mimbe 
of jobs completed per hour by a crew. 

The maintenance subsystem consists of two ma 
jor sets of programs. The first consists of a soft 
ware system called the common data extractioi 
program, which was developed by the Air Fore* 
and modified by the Logistics Management Insti 
tute. This software accepts as input maintenanct 
operating instructions and maintenance-liistorj 
tapes from Air Force bases and the Air Force Pro 
gram Document. The maintenance operating in' 
struclions reflect the work-ccnter-to-AFSC rela¬ 
tionships at the base; the maintenance history 
tapes contain six months’ worth of maintenanct 
data from each base. The Air Force Progran 
Document shows the distribution of aircraft bj 
model-design-series at all the bases. This set o 
programs produces an output tape that contain: 
work-eenter-to-AFSC mappings along with main 
tenance-manhour and performance data. 

The second major set of programs assimilate: 
the output tape from the first set, data from tin 
unit manning document, and the number of sortie 
flown during the same time period to which th 
maintenance history tape applies. The data fil 
that is produced is entered into the sortie-genera 
tion model. This final data file is a remarkabl; 
distilled record of a myriad of data derived from 



work center, the data file contains the number of 
maintenance crews authorized, average crew size, 
service rate, manhour data, and the proportion of 
sorties flown that induce the need for corrective 
maintenance by each work center—the work- 
center break rate. 

Applications and implications 

The sortie-generation model system is useful for 
the assessment of resource levels in the planning, 
programming, and budgeting system. It can be 
used to understand better the effects of alternative 
resource levels on sortie-generation capability and 
can provide a better analytical basis for reports 
and testimony to Congress. The system can also 
assist in the development and evaluation of war- 
reserve materiel requirements and policies. Fur¬ 
thermore, it can be useful in the evaluation of the 
potential sortie-generation capability of new wea¬ 
pon systems when historical data inputs are re¬ 
placed with postulated values. 

Unfortunately, the sortie-generation model 
estimates maximal sortie-generation capability as a 


engines and consumables. A shortfall of appro¬ 
priate data in current Air Force data systems in¬ 
hibits the system’s extension to aerospace ground 
equipment, but, given such data, the sortie- 
generation model could indeed take explicit ac¬ 
count of the effects of aerospace ground equip¬ 
ment. 

Admittedly, the system operates at a tedious 
level of detail; however, it does allow a user or 
analyst to understand the effects of specific 
budget-allocation decisions on the measure of 
effectiveness. Of greater significance to DoD is 
the fact that the sortie-generation model system 
represents an approach that may be a workable 
one in estimating the resources-to-readiness re¬ 
lationship for a variety of resource categories, 
mission categories, and force types. 
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P ressure to improve the overall readiness of air¬ 
craft weapon systems is being generated by the 
Congress and the Secretary of Defense. Increasing¬ 
ly, this pressure is being directed toward the obli¬ 
gation of funds to improve logistics support for all 
combat aircraft. 

Specific congressional pressure has been levied 
through legislation and General Accounting Office 
audits. For example, the FY78 Defense Authoriza¬ 
tion Bill required DoD to submit a report to the 
Senate and House Armed Services Committees 
prescribing quantifiable and measurable material¬ 
readiness requirements for the armed services. The 
Pentagon was also required to inform these com¬ 
mittees of subsequent changes in material-readi¬ 
ness needs and to provide appropriate written 
justification. Finally, DoD was told to estimate the 
effect of requested appropriations on material 
readiness in subsequent budget requests to the 
Congress. 

Unfortunately, there is no established service 
approach to assessing weapon system readiness 
improvement candidates. As a response to this 
shortcoming, Department of Defense agencies 
have applied simulation techniques to the evalua¬ 
tion of proposed systems or policies affecting 
readiness. This technique is gaining wider accept¬ 
ance as a potentially valuable tool to address 
problems for which current analytical approaches 
arc either inadequate or too complex to perform. 

Simulation modeling, which is basically Monte 
Carlo in nature, has been beneficial in Navy inves¬ 
tigations ranging from air operations from a fixed 
air base or an aircraft carrier to assessing strategies 
for large-scale military battles. It has proven to be 
a relatively inexpensive, practical, and credible ap¬ 
proach for relating, evaluating, and predicting the 
effect of implementing military system design and 


evolved into one of the leading analytic techniques 
in the field of operations research. 

In the Navy, simulation modeling has focused 
on aviation. The Navy’s Comprehensive Aircraft 
Support Effectiveness Evaluation model (CASEE) 
is a simulation approach that evaluates the com¬ 
plex interactions of system support status and the 
relationships that affect maintenance and support 
backlogs. In this regard, it is important to note 
that the pattern of failures and maintenance de¬ 
mands is as significant a driver of an aircraft’s 
operations as is the ability of the support system 
to resupply spare parts or to provide trained main- 
tamers. 

CASEE has evolved over a period of 16 years of 
study and application under the sponsorship of the 
Naval Air Systems Command. In its present con¬ 
figuration, the model can be used to analyze the 
logistics support and operational relationships of 
one or more squadrons of carrier or shore-based 
aircraft. Additionally, the model is able to con¬ 
sider operational, developmental, or conceptual 
aircraft. This simulation model has been used to 
support sensitivity analyses for the F/A-IS pro¬ 
gram-management decisionmaking and logistics 
planning in equipment design, reliability and 
maintainability trade-offs, and logistic-support 
planning. Output from the model has been used as 
input to life-cycle cost analyses and as the basis 
for evaluating manpower-loading and spares- 
funding estimates. 

CASEE is a discrete-event simulation model that 
relies on the random generation of events such as 
maintenance actions, spares demands, and down¬ 
ing discrepancies to initiate the simulation process. 
This approach promotes a less abstract and more 
faithful representation of the real system than is 
obtainable from analytical models. Although the 


maintainability characteristics of the particular 
aircraft being simulated. Definition of the air¬ 
craft's components forms the majority of the 
model inputs, with the aircraft being defined at 
any reasonable level of detail desired. Normally, 
CASEE is exercised using inputs which define the 
aircraft down to the wcapons-replaccable-assem- 
bly level. Based upon the development of compar¬ 
ability-studies data that relate projected charac¬ 
teristics to experience data for functional equiva¬ 
lent hardware already in existence, CASEE has 
also been utilized to evaluate conceptual aircraft 
alternatives. 

The model’s input categories are compatible 
with the Navy’s aviation maintenance and material 
management reporting system. For each mainten¬ 
ance-significant, weapons-rcplaceable assembly, 
inputs include the probability of discovering a 
maintenance action either during inspection or in¬ 
flight, the probability of a discrepancy causing a 
flight abort, and the probability of repair. Several 
operational and support-related inputs utilized to 
exercise the model include: 

• The manpower loading for each organiza¬ 
tional-level work center available, the number of 


• The number of aircraft scheduled for launch, 
number of standby aircraft, and minimum number 
of aircraft required to avoid mission cancellation 
for each launch event. 

• Turnaround, preflight, and daily inspection 
requirements, including elapsed time, manpower, 
and work center requirements. 

• Phase or calendar maintenance requirements, 
including inspection interval, work center re¬ 
quirements, manpower, average elapsed time, 
minimum inspection time, and flight check re¬ 
quirements for each inspection. 

• Aircraft ordnance loading requirements by 
mission type, and work center, manpower, and 
average elapsed time to accomplish the ordnance 
loading. 

• Mission-essential subsystems by mission type. 

• A cannibalization policy. 

A simulation model such as CASEE provides 
the capability to estimate readiness and mission- 
capability-level achievements for a weapon system 
in an operating environment under specific re¬ 
source constraints. Varying the level of resources 
will result in a calculated change in the achieved 
readiness level. One such relationship that assumes 


Figure 1. The Impact ot the spares level on 
mission capability during peacetime operations 


The curve depleted here represents the results of lour CASEE 
simulations, where system reliability was held constant while 
the level of available spares Increased. 


f Figure 2. The Impact of system reliability on 
miasion capability during peacetime operations 

The curve depicted here represents the results ol six CASEE 
simulations, where logistics support resources were held 
constant while the level ot system reliability Increased. 
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a fixed sysiem design and varies only the level of 
spares available to the operational squadron is il¬ 
lustrated in Figure I. The scatter of points is typi¬ 
cal of the monte carlo process. Figure 2 displays 
estimates of the impact on mission capability of 
changing system reliability where logistics support 
resources are held fixed. This demonstrates a cur¬ 
rent problem of logistic support planning—provi¬ 
sioning governed by budgets which are fixed early 
in a program, before the system develops demand 
experience, or before it achieves its predicted 
reliability level. 

The CASEE model is particularly useful because 
it provides explicit visibility of resource inputs and 
status. The ability to examine the workload back¬ 
log due to manpower constraints or spares short¬ 
ages allows an analyst to estimate the impact of 
changing manpower or spares levels. The analyst 
can account for the necessary level of resources 
and estimate the marginal costs of changing mis¬ 
sion capability levels. 

Analyses that arc used to develop readiness rela¬ 
tionships may never be reduced to simple pro¬ 
cedures. They are inherently complex and depend 
on analyses of the queues or prioritized line-ups 
that accumulate as a result of maintenance 
demands of aircraft systems. 

In this context, simulation-based analysis is an 
engineer’s and logistician’s tool that can be tai¬ 
lored for design trade-off studies and logistics and 
budget planning. The results generated by this 
microanalysis technique require careful considera¬ 
tion before they can be accepted as credible inputs 
to the overall process that includes the program 
planning and budgeting system. Because a simula¬ 
tion model does not yield an explicit solution, the 
importance of technical review of simulation out¬ 
puts cannot be overem hasized. Therefore, any ef- 


solution. 

Any analyses using a simulation model require a 
detailed examination of specific run parameters to 
establish whether the outcome of the simulation 
events are explainable and technically consistent. 
This can be performed by examining and correlat¬ 
ing selected parameters with real-world data to 
determine whether the generated results are behav¬ 
ing in a rational and realistic manner within the 
statistical bounds of anticipated results. The de¬ 
gree and extent of this effort will vary depending 
on the type of analysis. Other factors such as the 
length of the simulation period, the number of re¬ 
quired runs, and the type of statistical procedure 
that should be applied must be defined to assure 
technically accurate and representative results. 

When properly applied, simulation modeling 
and techniques can play an increasingly important 
role in a program’s design and acquisition process 
and can be particularly useful in evaluating the 
levels of logistic support and budget planning that 
will reinforce the readiness objectives of a system 
in accordance with defense needs. 2MJ 
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A task-based 
approach to 
soldier training 


The skilf qualification test 
program is proving valuable as a 
training-evaluation and 
personnel-management tool . 

S ince being introduced four years ago, the 
skill qualification test (SQT) program has 
markedly improved individual training and mili¬ 
tary-personnel management in the Army. Skill 
qualification tests differ from conventional per¬ 
sonnel tests in construction and interpretation. 
Conventional tests are designed to compare indi¬ 
viduals with one another and are categorized as 
norm-based. SQTs arc designed to measure per¬ 
formance against specific objectives. They are 
categorized as task-based. For each of the per¬ 
formance objectives that define a task, a soldier’ 
earns a Go or a No-Go score. Go means the soldier 
has met the performance standard for a task. No- 
Go means the soldier needs more training on that 
task. 

Standards of performance exist for each of the 
tasks, which collectively form a skill. Soldiers are 
told what the standards are before the test is given. 
Each soldier is issued a soldier’s manual that de¬ 
scribes the task standards for his particular mili¬ 
tary occupational specialty. Roughly 60 days 
before annual testing, soldiers are notified as to 
which tasks in the soldier’s manual they will be 


Training system development 

The U.S. Army Research Institute for the Be 
havioral and Social Sciences has participated in tin 
development of the SQT program since its begin 
ning in 1975 as part of a plan to modernize ant 
decentralize Army training. The U.S. Army Train 
ing and Doctrine Command (TRADOC) sought U 
take a systems approach. Instructional System; 
Design concepts were used to produce a scries o! 
training materials to support performance- 
oriented, task-based training. This training 
development begins with job and task analysis tc 
identify specific objectives. This makes it possible 
to show soldiers what tasks they must perform, 
under what conditions they must perform them, 
and what performance standards must be met. The 
objectives clearly state how well the task must be 
done to meet requirements. Soldiers are then 
tested, trained, and retested until they can meet re¬ 
quirements. 

This highly specific approach demanded that 
lengthy task lists be reduced to include only the cri- 















threat, organization, and weapon systems were 
examined. Unit requirements were critical. Hard 
decisions were made about where and when to pro¬ 
vide training in each critical task. Initial entry 
training was restricted to very common soldier 
tasks. Entry-level occupational specialty training 
focused on tasks and duty positions to which new 
soldiers were commonly and immediately as¬ 
signed. Certain tasks that required specific equip¬ 
ment were deliberately planned for unit training. 
Switchboard operators, for instance, might find 
any of several kinds of switchboards in their units; 
consequently, specific switchboard training was 
assigned to the units. 

The task-based systems approach changed 
the traditional school-training concept. 
Traditionally, soldiers were very 
generally trained in schools and 
were expected to employ 
technical manuals on the 



wpjjiunui, umij, train tneir own 
troops for military occupational specialty duty 
positions. To make decentralized training possible 
and efficient, TRADOC supplied Army units with 
a series of tools for individual and collective train¬ 
ing. 1 he major tools for individual training arc 
soldier’s manuals, commander’s manuals, job 
books, training extension course lessons, and skill 
qualification tests (SQT). 

The soldier’s manuals describe the critical tasks, 
performance conditions, and standards for each 
military occupational specialty skill level. These 
manuals also reference training extension course 
lessons and other training materials. 

Commander’s manuals indicate the sequence of 
task training from initial entry through successive 
levels of experience in a particular military occupa¬ 
tional specialty. Commander’s manuals also sug¬ 
gest training methods. In the future, these com¬ 
mander’s manuals will be redesignated as trainer’s 
guides to encourage their use by noncommissioned 
officers. 

Job books are to be used by noncommissioned 
officers in documenting on-the-job training based 











mode. These lessons otter pertormance-orieiucu 
training, programmed tests, and immediate feed¬ 
back. Lesson performance, when properly super¬ 
vised and recorded in the job books, may serve as a 
record of accomplishment. 

Skill qualification tests are task-based training- 
evaluation tools. They are designed to drive indi¬ 
vidual training through the administrative devices 
of mandatory annual testing and assimilation of 
results by personnel management. Task-based 
feedback to commanders is intended to improve 
training management in the field. 

Components of SQT 

The first step in gathering skill qualification test 
data on soldiers is to obtain the performance data 
contained in the job books and in other unit 
records. This is called the job-site component of 
the SQT. It consists of physical-training tests re¬ 
sults and qualifications to use certain weapons and 
of the ability to perform certain tasks that cannot 
be formally tested on a scheduled basis. 

The second part of the SQT is the hands-on 
component. This component is a series of stan¬ 
dardized individual field-performance tests cover¬ 
ing common tasks in battlefield survival, first aid, 
weapon usage, and specific duty tasks taken from 
the soldier’s manual. 

The administration of the hands-on component 
is well standardized. For a high-density military 
occupational specialty like infantry, the spoken 
instructions are tape-recorded so that instructors 
can give their undivided attention to observing and 
recording performance. Each solider is given im¬ 
mediate feedback on his performance. To reduce 
fear of testing, instructors take the soldiers 
through a dry run beforegiving the hands-on com¬ 
ponent for record. The percentages of soldiers 
scoring Go on the hands-on component and on the 
job-site tasks generally have been high. 

The third and most difficult part of the SQT is 
the skill component. The skill component is a 
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performance. This is not to say that performance 
on the skill component is the same as actual per¬ 
formance. However, most skill component 
questions appear to measure knowledge that is 
critical to proper field performance. 

For example, the knowledge necessary to de¬ 
stroy an enemy mine when one is not under direct 
observation by the enemy consists of knowing how 
to make it explode either by using a grapnel and 
line or by exploding a small charge on pressure- 
sensitive mines. Safety precautions involve dis¬ 
tance, cover, and time. Correct answers to five 
or six skill-component items seem to be a reason¬ 
able basis for assuming that a soldier could destroy 
a real mine, thus obviating the need to resort to ac¬ 
tual or simulated field testing. Yet this particular 
skill-component task has yielded low percentages 
of Go scores among infantrymen for several 
years. Any remedial training effects on this task 
may be obscured among the large numbers of 
soldiers scoring No-Go for the first lime each year. 
However, another reason for low scores may be 
thai trainers think a soldier only has to read the 
SQT notice and study the soldier’s manual to 
prepare for the skill component. Preparation to 
take the skill component may often be a do-it- 
yourself project. 

Preparing for skill component 

Research suggests that many soldiers must be 
led into active reading before they will learn and 
retain the information in the soldier’s manual. 
Some form of programmed study is needed. Re¬ 
search also suggests that if the skill component for 
record were preceded by a dry run with immediate 
feedback, as is done with the hands-on com¬ 
ponent, skill-component performances would im¬ 
prove. 

At the higher levels of combat military occupa¬ 
tional specialties, the number of skill-component 
tasks and the importance of skill-corn onent per- 



iheir careers, sergeanis and technicians are ex¬ 
pected to prepare on their own for their skill quali¬ 
fication tests. It does appear, however, that some 
form of guided study or diagnostic pretesting 
would be beneficial to those senior soldiers. 

There has been considerable puzzlement in the 
education and training field as to when it is proper 
to teach the test and when it is not. The answer 
seems to depend on the meaning that can be at¬ 
tached to a task-based test score. If the operational 
definition of a task-based test, complete with con¬ 
ditions and standards, is accurate and admits to 
little or no variation in task practice, then the 
teaching of the test as an end in itself is proper. In 
that context, a test becomes the same as a terminal 
training objective. For such a test, the develop¬ 
ment of alternative test forms would prove very 
difficult unless the forms differed only trivially. 
There would be little else to know or do. Perform¬ 
ance in excess of the operational standard would 
seem pointless. Conditions other than those pre¬ 
sented would seem irrelevant or too easily under¬ 
stood by the performer. Some SQT tasks are like 
that. 

On the other hand, if a task contained in a sol¬ 
dier’s manual admits wide practical variations in 
conditions, execution, or desirable performance 
standards, then the teaching of the test would be 
wrong except as a starting point or intermediate 
training objective. One correct performance can¬ 
not be taken as evidence of correct performance in 
a class of performances. For example, a knowl¬ 
edge of map reading cannot be inferred from a 
soldier’s knowledge of a few pretested map sym¬ 
bols. Yet learning a few symbols in this way may 
serve as a useful beginning in map reading. 

Training process 

In training, it is often useful to teach the test; 
however, it is important to be aware of the limita¬ 
tions of any one test. For personnel management, 
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measurable by single specific tasks. The test-trnin- 
retest model in practice moves from one specific 
task to another in a generally progressive fashion. 
Variations in conditions are explored and stan¬ 
dards are pushed upward. Retraining is used 
against forgetting. The entire process is reactive. 
Trainer and trainees learn from rapid feedback. 
Irrelevant and awkward approaches are dropped. 
Previously mastered smaller tasks are integrated 
into larger tasks. 

The kind of process is common on athletic 
fields, in laboratories, and in many workshops. 
Coaches, teachers, and trainers have long used 
such a process. For some time now, Army trainers 
have grappled with the question of how to make 
this process work in the Army on a large scale. 

Instructional systems design suggests that this 
process can be managed as a self-correcting, pro¬ 
gressive network of feedback loops. Specificity is 
essential to progressive improvements in perform¬ 
ance and to the training system itself. Experience 
with the system changes the specifications. The 
whole-systems approach represented in soldier’s 
manuals and skill qualification tests is early in the 
evolutionary development toward excellence on a 
large scale. However, the specificity of the system 
can be seriously misunderstood. In particular, the 
use of SQT scores in personnel management may 
lead many soldiers and noncommissioned officers 
to treat the test tasks as terminal training 
objectives—as ends in themselves, if you will. 

The secondary function of skill qualification 
tests is improvement of personnel management. 
The fact that SQT scores are used in personnel- 
management and promotion decisions tends to 
motivate soldiers to prepare for the test. In this 
context, the SQT total scores are directly 
analogous to conventional norm-based test scores. 
Such scores lake their meaning from the relative 
performances of individuals in norm groups con¬ 
sidered for promotions, assignments, or other per¬ 
sonnel action. Percentile poinis may be computed 
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is only one tactor in personnel decisions, Dui n 
docs have significant impact. 

The U.S. Army Training and Doctrine Com¬ 
mand recognizes that tasks included in any given 
skill qualification test arc selected samples of tasks 
in soldier’s manuals and that SQT standards are 
often practical testing levels as contrasted with 
high standards of competitive excellence. To sol¬ 
diers and their sergeants scheduled for record SQT 
administration, however, these limits on the mean¬ 
ing of SQT performance are likely to seem quite 
academic. Beating the test and competing with 
others on the test are the immediate concerns of a 
soldier taking a skill qualification test. 

In the minds of the soldiers, the tested tasks may 
indeed be the real goals. Unfortunately, the pres¬ 
ent construction of SQTs does not present the op¬ 
portunity for or demand the demonstration of ex¬ 
cellence. Different kinds of tasks are tested once 
against a practical minimum standard of perform¬ 
ance. This type of construction provides a fairly 
wide sampling of different tasks, but it does not 
provide for the kind of progressive capability 
normally associated with high degrees of skill. 
Meeting the standards for a variety of tasks at the 
level of intermediate training objectives is highly 
desirable, but it docs not equate to competitive ex¬ 
cellence in any one of them. 

Training to higher standards 

If task-based training is to deliver the kind of 
competitive excellence on the battlefield that 
TRADOC envisioned, then it must go beyond the 
level of presenting intermediate training objectives 
as goals. We believe this may be approached by 
developing small progressive sequences of task- 
based training modules in close collaboration with 
the Noncommissioned Officer Education System. 
Sergeants will have to do it to believe it, and they 
will need to document the real-time requirements. 

This approach is considered a logical and neces- 
sar ne sten the evnl ilinn of skil nnalifeatin i 


institute lor me acnaviorai ana social sciences on 
the measurement characteristics and interpretation 
of SQT scores is expected to promote continued 
development of task-based training-evaluation 
methods. 

Meanwhile, the interpretation of SQT results on 
a task-by-task basis requires detailed knowledge of 
the test materials, the military tasks actually per¬ 
formed in the day-to-day line of duty, and the sol¬ 
dier’s training or preparation for the test. 
TRADOC provides feedback to commanders with 
the expectation that they will be able to judge the 
meaning of task-by-task results in the context of 
their unit experience and requirements. 

Diagnostic use of SQT results for making train¬ 
ing-management decisions requires professional 
judgment by commanders, training managers, and 
trainers. They all must be fully familiar with the 
territory. The temptation to use SQT results 
without considerable knowledge of the operational 
environment and to aggregate such results to 
develop a broad portrait of soldier performance 
should be strongly resisted. There are too many 
variations among SQT tasks and these are com¬ 
plicated by differences between doctrinal intent 
and field practice. 

Now in an intermediate state of development, 
the SQT system is a sound technique for improving 
individual training and, ultimately, combat readi¬ 
ness. SQT results can be used within Army units to 
manage training in the context of tVie specific task 
standards for troop duties and training. SMs! 


DR. STANLEY F . BOLIN is (he project direc¬ 
tor for (raining evaluation at the Army Research 
Institute for the Behavioral and Social Sciences 
in Alexandria, Virginia. For the last two years, he 
has been closely involved with improving soldier's 
manuals and developing skill qualification tests. 
His doctorate is in industrial psychology from 
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By JAMES W. DRINNON 


A firm may operate on a more efficient learning curve 
under competitive conditions than under soie-source conditions. 


C onsiderable analytical and empirical work has 
been undertaken in recent years to develop a 
foundation for evaluating the effectiveness of 
competition in weapon system acquisition. As one 
might expect, the sophistication of this effort has 
steadily evolved. 

Originally, analysis compared a price obtained 
competitively with the price of a preceding sole- 
source buy; any price reduction was attributed to 
competitive forces. Subsequently, analysts deter¬ 
mined that regardless of competitive pressures, a 
portion of the price reduction was attributable to 
production efficiencies achieved by an increasingly 
experienced sole-source producer. More recently, 


of either continuously improving manufacturing 
efficiencies or one-time price reductions. 

Despite the advances of these analytical efforts 
over time, many obstacles impede progress. One 
major hindrance is that competition may be ap¬ 
plied in many forms and in various phases of the 
acquisition cycle. The numerous details specific to 
these forms make theoretical specification of com¬ 
petition highly complex. It is also difficult to con¬ 
struct an empirical data base. Such a base must 
rely on subjective judgments on numerous details 
of a program. This difficulty is compounded when 
a program history cannot be fully reconstructed. 
In fact, so many elements enter into the outcome 
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alities, organizational structures, and budget 
issues, as well as by introduction of competition. 
Therefore, an empirical approach to quantifying 
the effectiveness of competition remains ob¬ 
structed. 

However, recent work by the Army Procure¬ 
ment Research Office, by the Institute for Defense 
Analyses, and by the author in an earlier study has 
helped to clarify what is known about production 
competition. These efforts have provided a clearer 
and less complex theoretical framework which 
may be applied in a variety of contexts. 1 

Although the absence of a reliable data base is a 
drawback, the framework allows sensitivity testing 
ofimporiant parameters. Furthermore, the analyt¬ 
ical structure indicates what type of empirical 
approach is required to make further progress. 
Finally, one important finding has emerged; since 
competition appears to affect a firm’s rate of 
learning, the expected percentage savings in a pro¬ 
gram depends critically on the number of units 
produced. A firm’s learning curve not only shifts 
downward when competition is introduced, it also 
steepens at that point. The extent of the curve’s 
steepening and the point at which competition is 
introduced directly affect the estimated percentage 
savings. The implication is that no single number 
represents the potential percentage savings from 
competition but that a series of estimated savings 
percentages must be determined for various levels 
of production. 

The analytical structure is best explained in 
graphical form, based on the idea of the learning 
curve. The learning curve can he defined as the re¬ 
lati onship between price and quantity which indi- 

' Three recent studies regarding the effects of production 
competition are: 

E. T. Lovett and M. G. Norton, Determining and Forecast¬ 
ing Savings from Competing Previously Sole Source-Non¬ 
competitive Contracts, Army Procurement Research Office 
October 1978. ' 

C. G. Daly , H. P. Gates, and J. A. Schuttinga, The Effect 
of Price Competition on Weapon System Acquisition Costs 


by various names and is supported by the 
and empirical .studies, 3 the point is simply il 
a relationship is assumed to hold. It is gi 
thought that the introduction ol’compctiiu 
to a price reduction, and possibly to com 
tion, based on competitive pressures for 
tion efficiency. 

Until recently, the usual model of this j 
duction would assume a parallel downward 
the learning curve, which moans each m 
duccd under competitive procurement exp 
the same percentage reduction in price m 
This movement is depicted in the left grnp 
Figure. Under sole-source conditions, a fi 
duces from point A to point B and won 
continued lo point C without the imrothu 
competition. However, at point B, the fi 
forced into a price competition and had t 
its price lo point D lo win the eomract. T 
now continues to point E. Although the rc 
could have been the result of lower profi 
cost efficiencies, the result is the same to 
curcr. The total savings is the sum represc 
the area in BCED. The percentage savin* 
same area BCED divided by the total are 
the line BC. That percentage is constant 
program and may be applied to any qnnmii 
the program office wishes to procure. A 
associated with the introduction of a sccoin 
must be netted out. 

But an adjustment may be made lo accoi 
rotation in the learning curve. This 
observed in the right graph of the Figu 
slope of the line DE’ is steeper than what t 
source line BC would have been, implyin 
firm may operate on a more efficient 
curve under competitive conditions that 
sole-source conditions. The percentage sa 
the area BCE’D divided by the total are 
BC. 

It is important to note that the percei 
savings, as well as the do 1 r vo i o 
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Jilt savings, a .similar or virtually competition or the problems associated with inter- 
.1 should result ill a similar rate, national cooperation on a program. Such coopera- 
Uion quantities arc sufficient to lion requires estimates of price impacts caused by 
livings rates. Empirical measures international transfer problems, exchange rates, 
inapplicable since they do tiot re- and so forth. Nonetheless, a basic framework 
The savings on the final unit nt exists which may be developed in a variety of di- 
to be greater limn the savings on reciions and which will allow sensitivity testing of 
point D. Therefore, any projec- key assumptions. It is not premature to consider 
mi of competition must consider how further progress may be made. 
intitics through the shift and the 
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helps ensure that 
emerging weapon systems 
do not evolve 
in a vacuum. 
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with reality 

By MAJ. GEN. JOHN C. TOOMAY, 

US A F (Ret.) 


these commanders addressed logic packages of 
planning. Beginning in the early 1960s, though, 
substantive changes were made in the planning 
process. Nonetheless, the perception remained 
that planning at the command was not all it should 
or could be. 

Unlike their predecessors, former AFSC com¬ 
mander, General Alton D. Slay, and current AFSC 
commander, General Robert T. Marsh, have 
chosen to address all planning as a single entity. 
Out of this approach has come a comprehensive 
set of initiatives, including development planning, 
program planning, and corporate planning. Cor¬ 
porate planning is being handled as a related but 
separable entity. However, development planning 
and program planning, with all their associated 
problems and complexities, have been taken on in 
toto. The result is a completely remodeled plan¬ 
ning process at the Air Force Systems Command. 
The effort by which this restructuring was accom¬ 
plished was called Project VANGUARD, and the 
resulting, currently operative process retains the 
name VANGUARD. 

The new perspective on planning offered by 
Project VANGUARD was obtained in three steps. 
These steps consisted of a critique of current plan¬ 
ning to identify concerns, a return to fundamentals 
to establish a solid underlying rationale for plan¬ 
ning, and an implementation that adhered to that 
rationale and that contained all needed revisions of 
existing policies and procedures to accommodate 
the new process. 

The critique of the traditional planning process 
highlighted problems endemic to most tax- 
supported organizations that have no profit-and- 
loss statement to serve as a feedback loop. One 
could cynically view weapon-systems planning as 
an interaction among the user, the technologist, 
the bureaucrat, the developer, and the planner. 

The user is pictured as demanding more than he 
needs and as having strong operational biases. The 
technologist promises more than he can reasonably 


gins, is blind to all factors except cost, schedule, 
and performance in his contract with DoD. The 
planner is viewed as having no role other than to 
arrange the meeting and invite the others. 

While these characterizations are somewhat ex¬ 
aggerated, most individuals who arc experienced 
in military research and development can cite ex¬ 
amples of each. The Manned Orbiting Laboratory, 
Dynasoar, and Aerospace Plane arc good ex¬ 
amples of the symbiosis of the over-optimistic 
technologist and the insatiable user. Unfortu¬ 
nately, even in the wake of these and similar 
miscues among the dominant players, the planner 
remained a nonentity. 

No doubt, the turbulence among the five princi¬ 
pals gave birth to the advocacy theory of planning, 
which was prevalent in AFSC for many years. The 
approach was that of devising and revising the 
program to appeal to an influential constituency 
that included a partisan supporter on the Air Staff 
and the OSD Staff and somebody at the highest 
possible level who would strongly embrace the 
program. Such endorsements emanated from the 
top clown so that requirements documents were 
written after the fact. In other words, the formal 
operational problem appeared after the solution 
was invented. Indeed, a suprising number of pro¬ 
grams have arisen this way. However, the fact that 
many of these systems are very useful and have 
received accolades does not expunge the stigma 
associated with their origins. 

This kind of activity brings the requirements 
process itself into question. In the idealized proc¬ 
ess, the user states a need for a defined military 
capability, the developer proposes technical alter¬ 
natives for achieving that capability, and the Air 
Staff makes the decision on the feasibility ancl 
appropriateness of the proposed alternatives. Even 
when idealized, this approach is not without dif¬ 
ficulties. One must ask whether there is really a re¬ 
quirement, or just a desirewent, and whether the 
required equipment will interact with all the other 


chiding a penchant for getting into the user’s and 
developer’s business. The Air Staff has never prac¬ 
ticed or fully endorsed the principle that there are 
appropriate as well as inappropriate responsibili¬ 
ties and tasks for each level in a hierarchy. An 
intricate and long-standing bureaucratic maze 
stultifies the requirements process. It is not so sur¬ 
prising that many of our weapons systems have 
materialized without official requirements. Inter¬ 
estingly, a weapon system may be approved based 
on a particular required military capability 
without due consideration given to other missions 
which it might or might not be able to perform. 

In the near future, during the F-4 aircraft phase¬ 
out, the tactical Air Force will predominantly con¬ 
sist of single-seat aircraft—the F-I5, F-I6, and 
A-10. Yet it is not known whether technology will 
permit the demanding air-to-ground missions of 
the 1980s to be performed by a single-seat air¬ 
plane. The implication is that planning for fighter 
aircraft was done with a case-by-case approach 
rather than with an integrated approach that ad¬ 
dressed the needs of the whole tactical arena. 

The tendency to satisfy one need with one 
system often equates to a failure to synthesize 
needs and systems. This pitfall is called the point- 
solution syndrome. Imaginative scientists, engi¬ 
neers, and some administrators enjoy formulating 
and offering possible solutions to problems, and 
there are always plenty of unsolicited proposals 
from industry. If these imaginative people are in 
positions of influence, their point-solutions often 
become show-cause issues for the services, which 
must either prove the solution inappropriate or 
proceed with its development. 

While lack of macro-planning can be calami¬ 
tous, lack of micro-planning can be wasteful in 
terms of resources and time. The component parts 
of a modern weapon system must dovetail proper¬ 
ly or efficiency is lost. Thus, the avionics, the 
engines, the airframe, and all the associated equip¬ 
ment must be blended carefull and completely. 


their integration. Integrating the Joint Tactical In¬ 
formation Distribution System and NAVSTAR, a 
space-based navigation system, into the F-16 will 
be extremely difficult. A new display may be re¬ 
quired to accommodate all the information 
system’s data in the F-I5, whose flight-control 
system is unsuited to the installation of terrain- 
following and terrain-avoidance equipment. The 
F-UI crew capsule cannot accommodate one 
more subsystem within its confines without a com¬ 
plete requalification. Some of these and similar 
situations stem from occurrences that are not 
foreseeable during development; other situations 
are siniplymanifestations of inadequate planning. 

Integration with real world 

There is also great concern about relevance and 
emphasis, both of which have been addressed for 
years, particularly by the service laboratories. 
Nonetheless, abuses remain, and perpetual vigi¬ 
lance is essential. It is extremely difficult to assess 
relevance when the avowed purpose of exploratory 
development is to allow the assessment of the 
broadest practicable set of technical alternatives to 
meet generic needs. Similarly, it is extremely dif¬ 
ficult to judge emphasis when the laboratories are 
directed to make contributions to systems and to 
be comprehensive in scope to the point of actually 
manually building black boxes for systems use. 
The solution does not lie in subjective judgment 
alone; clearly, a set of planning principles is need¬ 
ed for judicious resolution of these issues. 

The final concern is for the efficacy of planning. 
There is a tendency for planning to be introspec¬ 
tive and self-serving. This happens when planning 
is organized without forced interaction with real- 
world program or when the interaction is so 
generic or so abstract that it can remain casual and 
philosophical. There is a natural tension between 
the planner—who tends to idealize the world, 
theorize, and mani ulate conce is rather than 



planning initiative and result in the old situation 
which was characterized by spurts of intense plan¬ 
ning activities—a planning-by-exception mode, if 
you will. Boiled down to their essence, all of these 
concerns could be expressed in three statements: 

• The arbitrary and capricious advocacy ap¬ 
proach to planning is unacceptable. 

• The Air Force and its systems are so complex 
that planning for single systems and subsystems is 
no longer practicable, and a system-of-systems ap¬ 
proach is mandatory. 

• A planning initiative, no matter how brilliant, 
has no chance of working without a prevailing dis¬ 
cipline that demands relevance and sustained in¬ 
teraction with the real world. 

The diverse nature of these planning problems 
calls for a comprehensive and integrated approach 
to a solution. Planning has been said to be nothing 
more than a rational approach to objectives; thus 
it is possible to develop integrated planning by 
building it up from first principles. This is the 
philosophy anchored in VANGUARD. However, 
it should be noted that many other planning 
philosophies have been built up in the same way, 
and it would be a mistake to assume that new plan¬ 
ning concepts would arise from this approach. 
Nonetheless, an integrated, comprehensive, and 
complete planning structure should be obtainable. 

The planning process, regardless of the applica¬ 
tion, has three parts: analysis, synthesis, and im¬ 
plementation. The analysis portion breaks the 
problem up into digestible logic chunks and em¬ 
ploys quantitative methods to uncover critical rela¬ 
tionships and driving functions, makes compari¬ 
sons, and determines proper courses of action. The 
subsets of afl the logic chunks must make up the 
universal set of all Air Force missions, everything 
must be covered. Each chunk must be mutually ex¬ 
clusive so that there is no confusion or overlap. In 
the synthesis portion, the logic chunks are melded 
into a rational, cohesive whole. Subjective or ob¬ 
jective methods are used to reconcile the logic 


terminate hostilities under conditions favorable to 
the United States. Within those broad objectives, 
the Air Force has been assigned particular mis¬ 
sions, involving both strategic and tactical roles. 
The task of accomplishing these missions deter¬ 
mines what kind of an Air Force is needed. Thus, 
the Air Force is not an entity that merely has so 
many bases, airplanes and people. It is an entity 
that has defined military capabilities. All its other 
characteristics like bases, airplanes, and people are 
derived from the required capabilities. A planner 
must realize and accept that the form of the Air 
Force should be molded by its functions, not the 
reverse. 

Missions tend to fall into several large logic 
packages, called mission areas. These can vary, 
depending on a chosen logic structure, conven¬ 
ience, or edicts from above. There is no right way 
to encompass these missions; the important thing 
is for the list to be exhaustive because it will bound 
Air Force planning. A customary set of mission 
areas includes: 

• Strategic. 

• Tactical. 

• Reconnaissance. 

• Command, control, and communications. 

• Defense-wide systems. 

• Management and support. 

• Technology base. 

For VANGUARD, strategic is broken into stra¬ 
tegic offense and strategic defense, and tactical 
into air-to-surface and counter air. Intelligence is 
part of reconnaissance; mobility, and launch and 
orbital support are shredded out from defense¬ 
wide systems. 

The broadness of these missions makes it dif¬ 
ficult to do the kind of analyses needed for good 
planning, particularly for planning of systems and 
systems-of-systems. The missions need to be dis¬ 
sected into functions and tasks and even into ele¬ 
ments and subelements. At some level of specific¬ 
ity, analysis becomes practicable. 


sufficient analysis tools, studies, policy guidance, 
and conventional wisdom exist to facilitate them. 
The third step, prioritization, is very difficult, but 
even it is tractable. In the strategic area, the 
balance between weapons deliverable into the 
Soviet Union and weapons deliverable against us 
by the Soviet Union is a crucial facet of deterrence. 
Each deficiency can be weighed by its incremental 
effect on that balance. 

In the tactical arena, there are several quantita¬ 
tive measures available. One is the number of 
enemy armored fighting vehicles that must be 
eliminated in a given time. Again, the deficiencies 
can be weighed in terms of their incremental 
effect. Interestingly, in both strategic and tactical 
areas, incremental effects can be calculated even 
for factors not directly coupled to the measure of 
effectiveness. A tactical intelligence-fusion system 
that substantially reduces targeting time or a warn¬ 
ing system that adds precious seconds to the avail¬ 
able response time can be evaluated because they 
change th e rate of target kills. 

Analysis to synthesis 

The prioritized deficiencies are directly convert¬ 
ible into development goals by turning the negative 
statement of deficiencies into the positive language 
of goals. The derivation of development goals 
completes the analysis. The next step is one of 
synthesis—the aggregation of a set of programs 
that will redress the deficiencies a nd provide the re¬ 
quired capability against the postulated threat as 
early as practicable and at minimum cost. This 
synthesis process embraces many variables and 
subjective factors. There are several logic frame¬ 
works to work within. These frameworks are self- 
consistent but cannot be made cross-consistent. 
This means that the synthesis process must be 
forever imperfect. Nonetheless, it can still be very 
useful. 

In VANGUARD, the synthesis is a two-step 
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technical alternatives for eliminating the deficien¬ 
cies that will exist even if the baseline plan is exe¬ 
cuted. The plan that results from the synthesis con¬ 
stitutes the proposed plan. 

The way in which these deficiencies are 
redressed depends on the deficiency’s nature, its 
priority, the anticipated program cost, and the 
availability of technology. The status of tech¬ 
nology tends to dictate the form of the correcting 
effort, whether in explanatory, advanced, or engi¬ 
neering development. It also dictates the time re¬ 
quired to correct the deficiency. Except in national 
emergencies, more than ten years is needed to go 
from initiation of acquisition with the milestone 
zero decision to a fielded system. Thus, a plan that 
corrects all deficiencies may extend 15 years or 
more into the future. Sometimes the necessary 
technology is simply not available. In this case, the 
plan proposes technology efforts. In fact, the in¬ 
vestment strategy of the Air Force laboratories is 
based substantially on the development goals 
derived from VANGUARD analyses. 

The analysis-synthesis process offers in-depth 
analysis of mission areas, baseline plans showing 
how the Air Force will fare if the current program 
is carried out, and proposals that indicate how, 
when, and for how much, deficiencies can be cor¬ 
rected. But these plans are incomplete in two ways. 
They provide no means for efficient planning of 
systems, subsystems, and components across mis¬ 
sion areas. Moreover, they do not provide a means 
for doing the marginal analysis that will allow 
good decisionmaking across mission areas. 

Mission-area plans that simply specify all the 
equipment required can result iti extravagance in 
undisciplined system acquisition. Mission-area ef¬ 
forts, which constitute a vertical integration to ac¬ 
complish a mission, must be reconciled with their 
respective functional areas, which constitute a 
horizontal integration of a particular discipline 
across mission-area lines. Thai this sort of disci¬ 
pline has been lacking in the past is evidenced by 
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ciplincd to achieve optimum commonality, stand¬ 
ardization, and acquisition procedural efficiency 
over time for all avionics. Correspondingly, there 
are electronic-warfare and propulsion master 
plans that accomplish the same objectives in those 
fields. Other functional-area plans can be added as 
needed to keep the functional areas orderly and ef¬ 
ficient. 

For a complete planning perspective across mis¬ 
sion areas, a cut in one other dimension is re¬ 
quired. Quality and quantity of forces are in¬ 
separable. Force-structure levels arc inevitably 
affected by the quality of individual elements. The 
operational readiness of the forces depends on the 
extent and scheduling of modification programs. 
Of course, there are acknowledged political and 
diplomatic aspects to force structure that trans¬ 
cend the processes discussed here. In the world of 
good planning, however, force-on-force estimates 
are requisite to cost-effectiveness and force-status 
analyses that allow comparisons of alternative 
ways of accomplishing the same objectives. There¬ 
fore, force-element plans, along with the mission- 
area plans and functional plans, are required for a 
complete statement. 

In VANGUARD, the complete set of plans in¬ 
cludes 7 mission-area and 17 sub-mission area 
plans, 9 functional-area plans, and 3 force-element 
plans, for a total of 36 plans (see Figure 1). Taken 
together, the mission-area plans represent the com¬ 
plete Air Force mission. However, the functional 
and force-element plans are not an exhaustive set. 
They are called out when needed to address con¬ 
cerns. 


• strategic orrense 

• Strategic defense 

Atmospheric surveillance and warning 
Atmospheric threat engagement 
Ballistic missile surveillance and 
warning 
Space defense 

• Counter air 

Offensive counter air 
Defensive counter air 
Command and control 
countermeasures 

• Alr-to-surface 

Defense suppression 
Fixed and non-flxed targets 

• Airlift 

Intertheater airlift 
intratheater airlift 
Support airlift 

• Reconnaissance 

Reconnaissance 

Surveillance 

Correlation-fusion 

• Command, control, communication 

Strategic C 3 
Tactical C 3 
Support C 3 


Functional 

• Propulsion 

• Avionics 

• Nuclear munitions 

• Space 

• Armament 

• Remotely piloted vehicles and drones 

• Electronic warfare 

• Computer resources 

• Technology base 

Force Element 

• Air breathing force 

• Intercontinental ballistic missiles 

• Fighter aircraft and fighter bombers 



Corporate resource allocation 

As noted previously, trade-offs across mission 
areas are extremely difficult. Methods for allo¬ 
cating resources on a completely quantitative basis 
had been sought long before it was noted that 
much of what we call quantitative today was 


methods have been examined for VANGUARD 
but found wanting. Instead, a modified Delphi ap¬ 
proach is used in the VANGUARD process to do 
trade-offs across mission areas and, in some cases, 

' David W. Miller and Martin K. Starr, The Structure of 
Human Decision, Englewood Cliffs, N.J.: Prenlice-Hatt Inc., 
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to modify planning within mission areas. 

Three levels of expert opinion and judgment are 
applied (see Figure 2). The proposed program is 
formulated using input from the VANGUARD 
planners, the product-divisions, and the Mission- 
Area Panels of the Program Evaluation Group. 
The using command also participates in the effort. 
The first level of review of the whole program is 
done by the Program Evaluation Group which 
consists of Air Force colonels who have extensive 
experience in one or more mission areas. Collec¬ 
tively, they represent experience in all mission 
areas. The Program Evaluation Group looks at the 
proposed plans across the mission areas and ren¬ 
ders its collective judgment on them. The group 
generates a proposed total program that conforms 
to fiscal guidance and promises to deliver opti¬ 
mum capability within cost and technological con¬ 
straints. 

Conducting the second level of review is the 
AF'SC Council, which consists mainly of general 
officers and is chaired by the vice commander. 
This body reviews the Program Evaluation 
Group’s output, renders additional judgments on 
major issues, and submits the total program to the 
commander. The commander carefully reviews the 
total program to ensure that there is an underlying 
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for acquisition and support make sense. 

Once approved by the commander, the set of in¬ 
tegrated atid modified plans becomes the official 
proposed program of the Air Force Systems Com¬ 
mand. Because the program lias been formulated 
within dollar constraints using well-reasoned value 
judgments, it is balanced and traceable. Through 
marginal analysis, trade-offs across mission areas 
are done so that each issue can be viewed in the 
context of its competition in oilier mission areas. 
There is never a need to make a last-minute snap 
judgment out of context with the whole program. 

In the formulation process, a set of plans has 
been transformed into a set of programs. In 
VANGUARD, the line of demarkation between 
plans and programs is intentionally obscured. The 
various annotations and conventions that the pro¬ 
grammers have required arc preserved during the 
planning process and the various levels of effort in 
program elements arc structured in the required 
decision-package formats by the program man¬ 
agers so that the transformation of plans to pro¬ 
grams is a coordinate transformation that can be 
done by computer. The dissolution of die bound¬ 
ary between planning and programming is a sub¬ 
stantial side benefit of VANGUARD. 

The coupling of the analysis and planning activ- 
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System implementation 

The plan for implementing VANGUARD at the 
Air Force Systems Command was largely tailored 
to existing organization and policies. Nevertheless, 
a substantial revision to the way the command ap¬ 
proached its plans and programs was necessary. 
Up until that time, the planning staffs had concen¬ 
trated on program incubation, that is, they con¬ 
centrated on obtaining support for a concept, nur¬ 
turing it through tlie bureaucratic wickets of the 
acquisition-review process, and handing it over to 
the systems staff as an established program. The 
procedure had the advantage of the planners’ 
involvement in real programs; however, the exten¬ 
sive time devoted to program monitoring and 
administration was lost to planning, and the cir¬ 
cumstances of program incubation tended to en¬ 
courage an advocacy approach. To accommodate 
VANGUARD, the planners divested themselves of 
most of their programs. Transition of the program 
to the systems managers was moved up to coincide 
with approval to initiate advanced development, 
Milestone I of the acquisition-review process. 

In order to be ready with VANGUARD by the 
FY81 Program Objective Memorandum submittal 
in January 1979, the Air Force Systems Command 
undertook to prepare the seven master niission- 
area plans in the headquarters. Members of the 
command’s planning staff were individually as¬ 
signed responsibility for specific master missioti- 
area plans. Following some inter-product division 
negotiations, the field planning staffs were as¬ 
signed primary and correlative responsibilities for 
each of the supporting plans. These field planning 
staffs also modified their program responsibilities 
to make room for VANGUARD. All 36 support¬ 
ing plans were placed on a master schedule admin¬ 
istered from AFSC headquarters. 

The integration of the VANGUARD activities 
into the routine of program preparation and sub¬ 
mission in Air Force Systems Command head- 


inputs became a major driver in the deliberations, 
along with the field recommendations and the 
panels’ views. Statistical comparisons of VAN¬ 
GUARD inputs with program recommendations 
at the mission-area panel level show that VAN¬ 
GUARD inputs dominated. At the Program 
Evaluation Group and Council levels, the statistics 
show VANGUARD inputs as major contributors 
but not dominant. 

Because the VANGUARD process addresses the 
difficulties of the past, is founded on fundamental 
tenets of good planning, and is built upon first 
principles with analysis, synthesis, and implemen¬ 
tation, it can be said to be a complete planning 
system. Obviously, its success will depend not only 
on its inherent validity but also on the commit¬ 
ment of the people involved, particularly the 
AFSC Commander, to support it steadfastly over 
a period of several years before passing judgment 
on it. Many good ideas have failed, not from flaws 
in concept, but from half-hearted execution. How 
VANGUARD will ultimately fare is unforesee¬ 
able. Its long-term success depends on the continu¬ 
ing work of many experienced, intelligent, and 
educated people. Fortunately, VANGUARD con¬ 
tains provisions for self-assessment and self¬ 
correction. If it is successful, it will so signal; if it 
is a failure, it will recommend its own demise. 
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A Japanese-originated labor-management 
innovation that taps the job-related wisdom 
of employees is being tested in the U.S. 

















West Germany and France have had an average 
growth rate of 4 percent, while the United States 
has averaged only 1.5 percent. This slow rate of 
American productivity growth is evident in the 
United States’ loss of international market shares. 
In 1962, for example, the U.S. drug industry held 
28 percent of the world market; today it holds a 
relatively meager 15 percent. Similarly, the U.S. 
aircraft industry held 66 percent of that interna¬ 
tional market in 1970; now it claims only 58 per¬ 
cent. Lagging productivity growth, high inflation 
rates, and decreasing shares of world markets are 
all contributing factors to the United States’ fall 
from industrial pre-eminence. Lost shares of the 
world market weaken the dollar and increase the 
flow of imports. As our productivity growth curve 
flattens, American industry becomes less competi¬ 
tive. This curve almost stood at zero growth in 
1979 and 1980. 

By comparison, Japan’s economy during the 
1970s illustrates the positive effects that produc¬ 
tivity improvements can have on combating infla¬ 
tion and ensuring a competitive trade advantage. 
During that 10-year period, price increases in 
Japan were relatively minimal, as reflected in the 
30 percent increase in price of the popular Toyota 
Corolla and Datsun 210 cars. (When the cost of 
improved safety devices and emission controls are 
considered, the actual price rise was much less than 
30 percent.) Although the price of steel doubled, 
these increases were considered relatively low 
when compared to ten-fold oil price hikes. In elec¬ 
tronics, the average price of television sets de¬ 
creased by 30 percent and power consumption was 
reduced. These results seem even more remarkable 
when compared to the quadrupling of average 
Japanese wages in the same time frame. The 
underlying reason for these results is that produc¬ 
tivity increases had an offsetting effect on price in¬ 
creases, reducing them to reasonable levels. 1 Sim¬ 
ply stated, the amount of production output per 
employee increased at a more rapid rate than the 














mechanism to improve the quality of products and 
services. 

The emerging national debate on the causes and 
cures for declining American productivity has led 
to increased interest in quality circles as a means of 
intensifying employee concern and involvement in 
their jobs. In contrast to specific productivity ini¬ 
tiatives such as value-engineering or cost-reduction 
programs, the key to the success of quality circles 
is in unlocking the fullest potential of employee 
contributions. Successful quality circles become a 
way of thinking: how to relate individual em¬ 
ployees to their jobs and their firms, how to in¬ 
crease employee satisfaction, how to improve 
communication among employees. From the in¬ 
tangibles of untapped human resources may ulti¬ 
mately flow the benefits of improved quality, cost 
reductions, and increased productivity. 

A recent motivational study of Social Security 
Administration employees reported that 96 percent 
of those surveyed felt highly motiviated from the 
feeling of achievement derived form doing chal¬ 
lenging work well, and 94 percent were highly 
motivated by the inner drive to always try to do a 
good job. In addition, the study concluded that as 
a group, first-line supervisors do not understand 
the factors which motivate their employees. 2 

While the quality circle concept is not the ulti¬ 
mate solution to all motivational problems, the 
idea does facilitate employee involvement in mean¬ 
ingful tasks. In the role of circle leaders, first-line 
supervisors work with employees in an environ¬ 
ment that provides first-hand experience in learn¬ 
ing what motivates employees. In short, the qual¬ 
ity circle concept permits employee involvement in 
important tasks, provides recognition for work 
well done, and encourages a participatory relation¬ 
ship between employees and supervisors. 

Typically, American management focuses on 
short-term costs as management’s answer to de¬ 
clining productivity. In Japan, management bc- 


coroliary, obtaining the insights of the workers 
who know the product and process best is the 
soundest method for improving products and 
processes. A vice-president for quality at Douglas 
Aircraft summed up these linkages when he said, 
“Up to 40 percent of our aerospace work has to be 
reaccompli.shcd because it was not right the first 
time.” 3 Neither American industry nor the De¬ 
partment of Defense can afford such conditions. 

The quality circle idea originated in Japan two 
decades ago. Until the late 1950s, the Made in 
Japan label generated an impression of a low- 
quality product. Accordingly, Japanese industri¬ 
alists and government personnel sought to reverse 
the association of Japan with inferior-quality pro¬ 
ducts. Their plan was to instill and develop a na¬ 
tionwide sense of total organizational involvement 
between workers and management to improve the 
quality of products and services. 

By 1978, the number of registered and unregis¬ 
tered quality circles in Japan had grown to over 
500,000, with an estimated membership in these 
circles of one out of every eight members of the 
Japanese work force.' 1 After implementing the 
circle concept, the Gohei Tanabc Company, Lim¬ 
ited, produced three times as much chemical PAS 
acid, of more uniform quality, with the same ma¬ 
chinery, with less effort from manpower, and with 
the same input of raw materials. The change in 
quality resulted from quality circle-initiated pro¬ 
posals regarding variance analyses of temperature 
and pressure on the final product and the use of 
control charts on the purity of PAS. The Toyo 
Rayon Company, Limited, reduced the number of 
people previously required to repair flaws in cot¬ 
ton textiles from 500 to 50. Production quality im¬ 
proved as a result of quality circle personnel main- 
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Quality circles utilize the knowledge of those closest to 
productivity problems and help to ensure that solutions 
are both workable and tailored. 


laining quality control charts and analyzing and 
correcting processes having multiple variations or 
flaws. 5 

The near-paternalistic relationship between Jap¬ 
anese workers and companies strengthened the 
growth of quality circles. The Japanese worker has 
a long and abiding commitment to the company. 
When one is being paid, housed, medically cared 
for, and fed through company facilities, the degree 
of worker involvement will be correspondingly 
high. Moreover, Japanese managers recognize that 
workers have the potential to make physical and 
mental contributions to the company. 

The quality circle process is relatively simple. 
Workers form groups to define, evaluate, and re¬ 
solve problems which will enhance the quality of 
small or large segments of a company’s product 
line. For example, an automobile assembly line 
worker could help resolve a persistent problem of 
rusting by recommending that an external metal 
fastener be replaced with a plastic device. As 
workers are increasingly recognized for contribu¬ 
tions, they become more enthusiastic and link their 
personal rewards and growth with the success of 
the company. 

As a standard, the circle consists of no more 
than fifteen volunteer employees, with the first- 
line supervisor designated as the circle leader. 
Quality circle grou s normally meet at least twice a 



are instances where time has been donated by em¬ 
ployees. Circle leaders use an agenda to guide 
meetings through a productive sequence of prob 
lem identification, problem solution, and presen 
tation of solutions to management. These meeting' 
should not be characterized as gripe session" 
Circle leaders guide the energies of the member* 
toward achieving top-quality solutions and em¬ 
ployee development. Facilitators are used to coor¬ 
dinate, monitor, and promote one or more of the 
circles; they may work on circle matters on a full 
or part-time basis, depending on the activity and 
management direction. This structure neither re¬ 
places nor alters existing forma! or informal 
organizational structure. Rather, it supplement" 
and supports the present organization. 

Prior to the circle concept, only management 
identified and resolved problems. Now worker" 
participating in the circle can also solve problem* 
and improve the organization. In essence, the con¬ 
cept focuses on joint employee-management par 
ticipation, involvement, and commitment in 


Employee involvement must be strictly volun¬ 
tary. Workers should be encouraged to think and 
grow mentally and should be rewarded for good 
ideas. For the circle concept to succeed, employees 
require concrete results and rewards from their ef¬ 
forts. Admittedly, the quality circle concept is not 
to be viewed as an incentive awards program. In 
fact, cash awards should be avoided. Instead, the 
entire circle should be recognized through organi¬ 
zational newspapers, circle photographs posted on 
bulletin boards, and circle nicknames printed on 
T-shirts for group members. 

Perhaps the most important form of recognition 
is allowing a member to present circle recommen¬ 
dations to top management. Many workers never 
have this opportunity to converse with senior offi¬ 
cials. In that the notion of being an important 
member of the team is contagious over time, circle 
members who are allowed to brief senior managers 
and who are accorded proper managerial recogni¬ 
tion and plaudits are motivated to strive toward 
another presentation. Rut momentum is a neces¬ 
sary ingredient. Without management’s enthusi¬ 
astic support and recognition of circle activities, 
the quality circle concept will be no more than a 
forced, top-down management approach. 

Naturally, the success of quality circles is con¬ 
tingent on the initial circle training program. 
Quality circle leaders and facilitators need to learn 
effective group dynamics, the application of 
problem-solving models, and basic statistical 
methods. Group leaders are responsible for train¬ 
ing employees who join the circle. Middle- and 
senior-level managers must be included in the ini¬ 
tial training program and in the establishment and 
operation of circles. Similarly, union participation 
and support is a prerequisite to the development 
and continuance of a circle project. 

A standard training program can be developed 
internally or through contract. Some management 
consulting firms have prepared quality circle train¬ 
ing packages that cost approximately $200 per stu- 


fort has not been easy. Despite the fact that ap¬ 
proximately 100 U.S. firms 6 have been experi¬ 
menting with this technique for nearly six years, 
the success rate does not parallel Japan’s ex¬ 
perience. The reasons for slower U.S. progress are 
based on differing employee commitments and re- 
latonships to the corporation, dissimilar manage¬ 
ment approaches and beliefs regarding the capabil¬ 
ities of individuals, and the contrasting roles of 
unions. Although these di fferences have posed ob¬ 
stacles, they have not precluded circle implementa¬ 
tion. For example, successful programs have been 
achieved at a General Motors plant, where one 
analysis is saving $225,000 annually. 7 In the first 
two years of circle operations, Lockheed has 
documented savings at $2.8 million; in one opera¬ 
tion alone, circle recommendations reduced rejects 
from an original 25 to 30 per 1,000 hours to less 
than 6 per 1,000 hours. 8 

A foundation for implementing the quality cir¬ 
cle concept in the U.S. has been established, and 
some would say none too soon. Productivity im¬ 
provements such as quality circles are being recog¬ 
nized as vital weapons to combat inflation and 
could become an important management tool for 
the 1980s. 

Adapting the Japanese approach to reflect U.S. 
differences in employee commitment and manage¬ 
ment philosophies is crucial. Such an adaptation 
would certainly Include broadening circle attention 
beyond the parameters of improving product reli¬ 
ability. The widened perspective could encompass 
such divergent dimensions of productivity im¬ 
provements as quality of work life, labor-saving 
capital equipment, facilities improvements, work 
methods, and process flow. Circles should concen- 
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circle concept has primarily been oriented toward 
blue-collar workers, but the growth of the pro¬ 
gram into the white-collar enclave would appear to 
be a logical extension. 

A recent survey by the General Accounting Of¬ 
fice found that thirteen federal installations have 
operational quality circle programs. The U.S. 
Army Depot System Command recently initiated a 
quality circle program called Participative Work 
Improvement Circles. With more than fifty circles 
now in operation, the Depot System Command ap¬ 
proach is an expansion of the somewhat restrictive 
Japanese definition of quality circles and includes 
many productivity improvement possibilities, in¬ 
cluding experiments for some white-collar jobs. 
The Norfolk Nava! Shipyard in Portsmouth, 
Virginia, is a pioneer with more than 50 active 
circles. To date, their program has resulted in sav¬ 
ings of $3.75 for every dollar invested, with a net 
program savings of $150,000 9 in the first year of 
operation. If federal agencies would only learn 
from the circle experiences of U.S. corporations, 
government application could be implemented 
more quickly than the six-year time frame experi¬ 
enced by corporations. 

Despite these positive examples, universal appli¬ 
cation of the circle principle to DoD elements 
should not be inferred. The concept is suited pre¬ 
dominantly to civilian organizations. Nonetheless, 
an innovative approach to structuring a quality 
circle program could prove beneficial to almost 
any organization, including a headquarters-type 
operation. 

In developing and implementing the quality cir¬ 
cle concept, there are prerequisites which should 
be recognized and accepted as integral program 
components. 

• Management must maintain a visible long¬ 
term commitment to the program. Circles take 
from 3 to 12 mo nths to reach a productive state. 

* Joe M. Law, "Quality Circles Zero in on Productivity m 
the Norfolk Nava! Shipyard, ” Management, Summer J980, 


• vuamy circte implementation ami 
ment must permit program survival dm*'-- u 
agement transitions to prevent situat 11 
employees might be reluctant to renew ur*.:. 

• Management must rely on volunteer .«• : 
icrnal resources to operate and support . : 
gram. 

The quality circle concept has a long a* J 
cessful history in Japan and continue** to ur.-* I, 
the United States, the concept is beginning ■ ■ ~ ».• 
acceptance, and increasing inflation rate** a\.i ■ .. 
ative productivity trends will probably a. ,• 
application of the program. Use of the * * . 

the Department of Defense is in the initial • w, ■ * 
activation, and the potential for suece- ■ ■» 
beginning to be realized. 
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Computer-based 

instruction 

for military training 


In the modem military classroom , 
blackboards and lock-step instruction 
are giving way to computer terminals 
and self-paced lessons. 



I t is no secret that special knowledge is needed to 
operate and maintain modern military systems, 
and that military schools and training courses are 
designed to provide that knowledge. It is less 
obvious, but very important to understand, that 
the advanced performance capabilities built into 
new military systems will be realized only if our 
military personnel are adequately trained to prop¬ 
erly operate and maintain these systems. Clearly, 
military training must provide a high-quality pro¬ 
duct. 

Accomplishing the training mission is neither 
easy nor cheap. In fiscal year 1981, the annual cost 
of individual training for active-duty and reserve- 
component personnel is approximately 8.8 billion 
dollars. About 74 percent of this training mission 
is related to new active-duty accessions. 

Another way to appreciate the magnitude of the 
military training problem is to note that these 
figures reflect only the types of training that take 


types of training are very expensive and add to the 
costs described above; it is also important to know 
that they strongly influence military readiness. 

Students may be instructed by a number of 
means, including lectures, discussions, tutelage, 
independent study, and drill and practice. For pur¬ 
poses of this discussion, the methods of instruction 
have been categorized into four groups. In actual 
practice, more than one method of instruction may 
be used in a course. 

Conventional instruction. Conventional instruc¬ 
tion involves combinations of lectures, discus¬ 
sions, laboratory exercises, and tutorial sessions. 
A key feature of conventional instruction is that 
groups of students proceed through a course at the 
same pace. Differences in the amount of informa¬ 
tion retained by students are reflected in the stu¬ 
dents’ final grades. Conventional instruction is 
also referred to as lock-step instruction, platform 
instruction, and group scheduling. It is used in 75 



pace. Kach lesson is associated with a test. Mastery 
of each lesson is required as a condition of pro¬ 
gress. Differences in student performance are 
reflected in the amount of time taken to complete a 
course, although grades may also be given. 

Various versions of individualized instruction 
may differ in such ways as the order in which les¬ 
sons are provided to the student and the extent to 
which the student is completely free to proceed at 
his own pace. All methods of computer-based 
instruction rely on some form of individualized 
instruction. In this discussion, individualized 
instruction refers only to individualized instruc¬ 
tion conducted without computer support. 

Computer-assisted instruction (CAl). 
Computer-assisted instruction is a form of 
computer-based instruction. In it, the student 
interacts in real time, via an interactive terminal, 
with instructional material that is stored in the 
computer. This offers great flexibility for present¬ 
ing alternative versions of the same lessons accord¬ 
ing to each student’s particular way of learning. 


system, PLATO IV, can support about 950 termi¬ 
nals linked through microwave and land-line 
communications to a large central computer. 
PLATO originated at the University of Illinois. 
Kacli terminal has a cathode ray tube and a type¬ 
writer keyboard. A stand-alone version, with only 
one terminal, has just been shown publicly. 

• Time-Shared Interactive Computer- 
Controlled Information—Television (TICCIT). 
The basic TICCIT system uses one or two mini¬ 
computers to support up to 128 terminals at one 
location. 

• General Electric Training System (GETS). 
This is a stand-alone system with only one terminal 
that uses a random access 35-inm slide projector 
for visual displays and floppy discs for lessons and 
playback. 

• Computer-managed instruction (CM I). 
Computer-managed instruction, like computer- 
assisted instruction, is a form of computer-based 
instruction, although the actual instruction takes 
place away from the computer. After each lesson, 
the student takes a test and places the answer 
sheet on an optical scanner. The computer scores 
the tests and interprets the results. The student 
receives a printout that indicates how well he or 
she performed, what lesson is next, and where to 
find the next lesson. The computer also manages 
student records, instructional resources, and 
administrative data. Examples of some CM! 
systems include: 

• Advanced Instructional System (AIS). This is 
a prototype system installed at the Air Force 
Technical Training Center, Lowry Air Force 
Base, Denver, Colorado. Ft contains 50 student 
terminals, II management terminals, and a CDC 
CYBER 73-16 computer which can support up to 
3,000 students a day in four courses. These 
courses, selected to represent a cross section of the 
technical training courses at Lowry AFB, can serve 
about 25 percent of the student body. The manage¬ 
ment terminals are used by instructors for retriev- 



student achievement wnn compuim'ua&uu 
Instruction was the same as with conventional 
Instruction in 32 cases and superior In 15 cases. 
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• Computer Managed Instruction System 
(CMl). This system, installed at Naval Air 
Technical Training Center, Millington, Tennessee, 
handles about 6,000 students in II schools at 5 


management services. 

M ilitary personnel receive pay and allowances 
while they arc being trained. Thus, any pro¬ 
cedure that can reduce the time required for train¬ 
ing, without significantly affecting the amount or 
quality of information acquired by the students, 
can reduce the cost of training, ft can also increase 
the amount of time military personnel spend in op¬ 
erational assignments during their military careers. 
Military training courses are designed to qualify 
students for well-defined jobs to which they can be 
assigned upon successful completion of these 
courses. 

This situation differs from that in most public 
and private schools, where students remain at 
school for required periods of time and are not 
paid while there. These schools receive no direct 
benefits if students complete their instruction in 
less than the required time. Courses arc generally 
not designed to qualify students for particular jobs 
and the schools cannot assign students to jobs 
upon graduation. 

A revelation found in these distinctions is that 
methods of instruction that arc cost-effective for 
the military may not be cost-effective for other sec¬ 
tors. Another is that service-supported research on 
computer-based instruction has emphasized the 
feasibility of saving student time while maintain¬ 
ing a constant level of student achievement. 
Research on instruction in non-military settings 
has focused on student achievement at school and 
has not emphasized the amount of time needed by 
students to absorb the material. 

The military services have supported research 
and development of computer-based instruction 
since the early 1960s when the concept first 
appeared feasible. Computer-assisted instruction 
and computer-managed instruction in military 
training have been evaluated in about 30 studies 
since about 1968. These studies generated 48 sets 
of data. Most of these studies were of a research 
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these studies to properly interpret the data they 
provide. 

Military training is intended to prepare person¬ 
nel to perform various jobs in operational com¬ 
mands. Thus, the effectiveness of any method of 
instruction should be evaluated by measuring how 
well a course graduate performs certain designated 
jobs in the field. This is done by comparing the job 
performance of individuals trained by conven¬ 
tional instruction with the performance of those 
trained by computer-based instruction. There are 
few studies that provide this type of information. 
Most studies of different instructional methods 
compare only student achievement at school, as 
measured by tests administered at school. This 


Most studies were experimental in nature. About 
half involved 50 or fewer students and about 
half the courses studied lasted one week or less. In 
a few studies, the courses spanned as much as 10 
months and involved 600 to 2000 students. The 
courses embraced a wide variety of subject matter. 
Many were directly related to technical training, 
basic electronics, and electricity; some involved 
hands-on maintenance checkout and repair. No 
single course was given by both computer-assisted 
instruction and computer-managed instruction. 
This means that the effectiveness of computer- 
assisted instruction and computer-managed 
instruction for the same course cannot be directly 
compared. 













as achievement at a school with conventional 
instruction. 

Data on the amount of student time saved 
through the use of CAI and CMI, as compared to 
conventional instruction, are shown in Figure 2 
(p. 49). The amounts saved are considerable, and 
the median value is about 30 percent. No particular 
significance can be attributed to differential time 
savings between CAI and CMI shown in these data 
because, as noted above, direct comparisons using 
the same courses were not made. A major uncon¬ 
trolled variable in these studies is the unknown 
quality of the instructional materials used in the 
various comparisons. This limits any attempt to 
make quantitative comparisons about the amount 
of student time saved by different types of CAI or 
CMI. 

^Figure 3. Course completion times^ 
at Lowry AFB 

This figure shows the time saved by about 11,000 
students In four courses on the Air Force 
Advanced Instructional System between October 
1976 and September 1978. 
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course. In conventional instruction, where there is 
a fixed amount of time, these differences lead to 
variations in the amount of knowledge acquired by 
the end of the course. 

Both in individualized and computer-based in¬ 
struction, each student proceeds at his own pace, 
and differences between students influence the 
amount of time needed to complete the course. 
Differences in the amount of information acquired 
are not a major variable. The bulk of the time sav¬ 
ings in individualized instruction is produced by 
those students for whom the rate of progress set in 
conventional instruction would be too slow. Typi¬ 
cally, that rate might be one that permits about 90 
percent of the students to complete the course dur¬ 
ing the fixed period of time; it is, in fact, a rate set 
to meet the needs of the slower, rather than just 
the average, student. 

Almost all the aforementioned data represent 
time savings found in experiments or operational 
applications over short time periods and with 
limited numbers of students. Figure 3 shows time 
saved by about 11,000 students in four courses on 
the Air Force Advanced Instructional System, at 
Lowry AFB for 24 months ending September 
1978. It is clear that the initial savings, such as 
might be reported in an experiment, are main¬ 
tained over time and, despite monthly fluctua¬ 
tions, tend to increase. These reductions are prob¬ 
ably attributable to periodic revisions in the 
courses and to improved control over the new 
method of instruction; fluctuations are probably 
attributable, at least in part, to variations in stu¬ 
dent aptitude as well as to other factors that are 
presently unknown. 

Student training time in courses can be reduced 
without the use of computer-based instruction, 
such as through individualized instruction without 
computer support in place of conventional instruc¬ 
tion. This prompts one to question what it is that 
computer support does that self-pacing does not, 
at least in the context of student time saved. 
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/en at various times, by conventional, individ- 
lized, and CAI or CMI instruction. (Only the 
rcent time saved, compared to conventional 
uruction, is shown.) There are only relatively 
laii differences between the amounts of time 
ved by individualized and by CAI or CMI 
struction. Individualized instruction can save 
Jch of the time normally required by students in 
nventional instruction. (There were average sav- 
?sof50 percent or more in these samples.) 

The addition of computer-assisted instruction to 
'e individualized courses yielded an additional 
erage time saving of 5 percent; the addition of 
mputer-managed instruction to seven individ- 
lized courses produced no additional time say¬ 
s’ No significance can be placed on the differen- 
‘1 effect of adding CAI rather than CMI to the 
se values because no course was given in both a 

rrs ..... is 


on several factors, including its specific applica¬ 
tion, the numbers of instructors and support per¬ 
sonnel, and the administrative costs. The issue of 
cost is not addressed here. 

S ince the method of instruction may influence 
the number of students who can successfully 
complete a course, the rate of academic attrition 
associated with alternative methods of instruction 
is a matter of concern. Meaningful data on student 
attrition should come from a steady-state applica¬ 
tion of computer-based instruction and not from 
short-term experiments. This condition was met 
marginally by the Air Force Advanced Instruc¬ 
tional System, where four courses at Lowry AFB 
were increasingly implemented on a computer- 
managed instructional system over a five-year 
period and by the Navy Computer Managed 
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tation in March 1977. It should be recognized that 
the rate of attrition observed in a course may be 
influenced periodically by policy decisions on 
recruitment standards and on the number of grad¬ 
uates to be produced by various courses. Such 
influences arc not addressed here. 

Figure 5 shows that academic attrition may have 
increased in the four courses on the Advanced 
Instructional System when they were being imple¬ 
mented in a computer-managed instruction mode. 
However, it should be noted that academic attri¬ 
tion appeared to rise in all courses at Lowry AFB 
during that same period. Thus, it is not determin¬ 
able if the increased attrition in the Advanced In¬ 
structional System courses is largely attributable to 
the introduction of computer-managed instruction 
or to other factors, such as changes in student 


Advanced instructional bystem ana me Navy 
Computer Managed Instruction System, have 
received any kind of use in military training. It 
does appear, however, that academic attrition may 
have increased slightly in courses taught in this 
mode as compared to the conventional mode. 
Since these comparisons do not take into account 
possible changes in the qualifications of students 
during the observed periods, the available data 
suggest but do not prove that computer-managed 
instruction leads to greater academic attrition than 
docs conventional instruction. 

Attitudes of students and instructors on CAI 
and CM1, in comparison to their attitudes on con¬ 
ventional instruction, should be viewed as qualita¬ 
tive aspects of these methods of instruction. They 
are not necessarily measures of effectiveness. Data 
on student attitudes were generated by 39 of the 48 
reports of military training cited in this paper. The 
data reflect that students overwhelmingly prefer 
CAI or CMI to conventional instruction, or at 
least say so when asked. Student responses were 
favorable to computer-based instruction in 29 of 
40 comparisons; they were unfavorable in one 
case. One other response indicated no difference. 
No data are provided in nine cases. 

Instructor attitudes arc reported only in nine of 
these 48 comparisons. Instructors were negative 
toward CAI and CMI in eight of these cases and 
favorable in only one. 

Instructors of courses taught by CAI or CMI 
have not received much attention from research¬ 
ers. The training of instructors is still oriented 
largely toward conventional instruction and 
instructors receive little guidance on how to prop¬ 
erly conduct courses given by computer-assisted or 
computer-managed instruction. 

T here have been only a few attempts to estimate 
the cost-effectiveness of computer-assisted in¬ 
struction and computer-managed instruction, and 
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these are based on incomplete analyses of the costs 
of instruction. A summary of the results of these 
studies is provided in Figure 6. All of these studies 
were based on the premise that the amount of stu¬ 
dent training time saved by a method of instruc¬ 
tion represents a major cost savings. The amounts 
of cost savings were estimated by computing the 
pay and allowances of students for the amounts of 
student time saved in training. The resultant 
amounts could more appropriately be called cost- 
avoidance savings. This procedure was applied to 
student time savings in studies of three major 
instructional systems and of revised course mate¬ 
rials in a conventional-instruction course. Some of 


$3 million a year for about 5,500 students 
instructed in PY78 by the Air Force Advanced 
Instructional System. According to two cost- 
effectiveness evaluations, the Army PLATO IV 
System was judged to be not as cost-effective as 
individualized instruction. 

These conclusions are based on incomplete cost 
data in two small-scale tests, one involving 535 
students in four courses at the U.S. Army Ord¬ 
nance Center and School and the other involving 
1261 students in four courses at Chanute AFB, 
Illinois. The Air Force Advanced Instructional 
System was found to be cost-effective, compared 
to instructor-supported, self-paced instruction in 
one course but not in three others. The computer 
costs which made the latter courses not cost- 
effective were actually small in comparison to 
other school costs. Since all of these results are 
based on incomplete cost data, the findings should 
not be generalized or taken as conclusive. 

Other benefits, beyond those of saving student 
training time, are often said to occur with 
computer-assisted instruction or computer-man¬ 
aged instruction, largely because of services that 
can be provided by a computer. These benefits 
include: 

• More precise data for improving and updat¬ 
ing course materials. 

• Improved control over equipment, facilities, 
and instructional materials. 

• Improved allocation of resources among stu¬ 
dents. 

• Improved ability to accommodate fluctua¬ 
tions in student loads. 

• Reduced instructor-to-student ratios. 

• Reduced need for support by non-instructor 
personnel. 

• Improved utilization of instructors. 

Few of these potential benefits have been exam¬ 
ined in cost-effectiveness evaluations. The 1978 
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amounts oi time spent oy stuaents at juowry Arc 
waiting to enter a course and waiting for an assign¬ 
ment after completing a course have been reduced. 
Records kept by the Navy Computer Managed 
Instruction system show that the average on-board 
count of students in school has also been reduced 
for those instructed by that system. However, the 
cost savings, if any, implied by these reductions 
were not included in any of the cost-effectiveness 
analyses. 

In closing, it should be acknowledged that the 
effectiveness of computer-assisted and computer- 
managed instruction for military training has been 
measured only by student achievement at school 
and not by performance on the job. Correlations 
between performance at school and on the job 
have not been established for any method of 
instruction. Also, student achievement in courses 
at military training schools using computer- 
assisted instruction is the same as or greater than 
that achieved with conventional instruction. The 
amount of additional achievement is small and has 
little practical importance. Student achievement in 
courses with computer-managed instruction is 
about the same as that with conventional instruc¬ 
tion. Both of these results stem from the fact that 
students are kept in CAI and CMI courses until 
they achieve standards set for conventional 
instruction. 

Along similar lines, computer-assisted and 
computer-managed instruction in military training 
save about 30 percent of the time normally needed 
by students to complete the same courses given by 
conventional instruction. The amounts of student 
time saved by computer-based instruction vary 
widely, yet little attention has been given to the 
factors that could account for the variations. Most 
of the results on computer-assisted instruction 
come from experiments of limited duration, with 
limited amounts of course materials, and with 
relatively few students. Where computer-managed 
instruction has been used for extended periods of 
up to 4 ears the initial time savin s have con- 


increase ine rate anu costs ui suiueni auruion tor 
academic reasons over those resulting from con¬ 
ventional instruction. However, the observed 
increases in attrition may also be due to decreases 
in student quality. Only limited and incomplete 
data are available on the costs of computer- 
assisted and computer-managed instruction in 
military training. Data that arc collected routinely 
on the costs of operational training programs are 
too highly aggregated, particularly with respect to 
training support functions, for use in analytical 
comparisons of computer-based instruction with 
conventional instruction. 

Estimates based on the amounts of student time 
saved suggest that the Navy Computer Managed 
Instruction System avoided costs of about S10 
million in FY77 and that the Air Force Advanced 
Instructional System avoided costs of about S3 
million in FY78. These estimates are incomplete 
because they do not consider all of the costs of 
providing computer-managed instruction at these 
installations nor do they compare these costs with 
the costs of alternative methods of instruction for 
the same courses. 

Overall, the existing evidence, despite its 
sprinkling of shortfalls and uncontrolled varia¬ 
bles, tends to verify the value and suitability of 
computer-based training in the military. 2MJ 


DR. JESSE ORLANSKY, a member of the 
research staff at the Institute for Defense 
Analyses, Arlington, Virginia, has studied the 
cost-effectiveness of military training for the 
Office of the Deputy Secretary of Defense for 
Research and Engineering for a number of years. 
He holds a doctorate from Columbia University. 

MR. JOSEPH STRING is a researcher at the 
Institute for Defense Analyses, where he has been 
responsible for the cost analysis of many military 
programs. Mr. String is an economics doctoral 
candidate in a program sponsored by the Univer- 
sit of California at Los A ngeles. 



Plans to improve 
military retention 

If the Congress ap¬ 
proves military pay raises 
proposed for July and Oc¬ 
tober 1981, the services 
should turn their attention 
to bonuses and improved 
living conditions In Order 
to induce people to join 
and stay in the military. 
Lawrence J. Korb, Assist¬ 
ant Secretary of Defense 
tor Manpower, Reserve Af¬ 
fairs, and Logistics, ex¬ 
pressed that view in a 
briefing prepared for the 
American Enterprise Insti¬ 
tute, a Washington-based 
think tank. Mr. Korb 
served as AEl’s director of 
defense studies before 
being named the Penta¬ 
gon’s manpower chief. 

The raises--5.3 and 9.1 
percent, respectively — 
should enable the serv¬ 
ices to attract recruits In 
most lines of work, Korb 
said, in shortage areas, he 
advocated use of bonuses 
to get people to re-enllst 
and acknowledged that 
changes to the military 
pay system may be neces¬ 
sary to meet the demands 
of the marketplace for 
skilled workers. 

Quality ot military life, 
according to Korb, Is near¬ 
ly as important to morale 
as pay, and higher morale 
will in turn raise retention 
rates. He noted that the 
Reagan administration 
budget calls for a 15- 
percent increase In items 
which affect quality of 
life. These include family 
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iai care tor aepenaents, 
reimbursement for mov¬ 
ing expenses, and main¬ 
tenance of housing and 
working facilities. When 
added to Increases in pay, 
the 15-percent boost 
means more than a 40- 
percent Increase overall in 
expenditures for military 
manpower Items. 

FY81 and FY82 pay In¬ 
creases should give the 
all-volunteer force a 
chance to work, Korb 
added, noting that pay 
caps and Inflation since 
1972 have hamstrung the 
AVF. The country should 
not return to a draft until 
the AVF has had a fair 
chance to work, he stated. 
The assistant secretary 
went on to say that even if 
the country does return to 
conscription, the military 
will need money to retain 
skilled people, and DoD 
may have to adjust the pay 
system to increase reten¬ 
tion. 

Reserves test 
longer training stint 

A test program to be 
conducted this summer 
will try to assess the 
effect of a three-week an¬ 
nual training period on 
reserve components. Offi¬ 
cials say that In some 
cases, the two-week an¬ 
nual training period now 
used Is not long enough 
to meet all objectives. 
They believe that an addi¬ 
tional week will help im¬ 
prove unit readiness. 

The program will look at 


ing period on members of 
the unit, their families, 
employers, and communi¬ 
ties. Also studied will be 
the impact of three week’s 
training on the unit’s abil¬ 
ity to deploy tor a longer 
exercise. 

A unit from the Indiana 
National Guard’s 38th In¬ 
fantry Division volun¬ 
teered to take part in the 
program and will deploy 
to Europe for the three- 
weekperiod. 

Guidelines for DoD 
decisionmakers 

Secretary cl Defense 
Caspar W. Weinberger to¬ 
day announced signifi¬ 
cant changes in the Plan¬ 
ning, Programming and 
Budgeting System of the 
Department of Defense. 
"My objective,’’ the sec¬ 
retary stated, “is not only 
the revitalization ot 
American military 
strength but also to be 
sure It Is accomplished In 
the most effective and 
economical manner." 

He added, "I believe 
these changes will In¬ 
crease public and con¬ 
gressional confidence in 
our capability to match 
military requirements with 
military strength and si¬ 
multaneously reduce 
costs and save the tax¬ 
payers money." 

The changes are mod¬ 
ifications of the existing 
system and reflect a shift 
to greater emphasis on 
long-range strategic plan¬ 
ning, more responsibility 
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tralization, closer ac¬ 
tion to cost savings a' 
efficiencies, and generi 
streamlining of the proc*r 

Mr. Weinberger note: 
that the previous adrr - 
Istration introduced i r - 
Zero-based Budgets.; 
(ZBB) concept in order • . 
show decisionmakers e« 
actly what would hapf,'.~ 
if they cut or added to r- 
budget. 

However, the secreta'* 
pointed out that the te«e 
of detail required und** 
ZBB did not turn out to s.« 
meaningful to senior ma" 
agement. The enormci.^ 
amount of paperwork ~ 
volved served no tangib'e 
purpose. The secrelar, 
did acknowledge that m-e 
ZBB concept of reexam.n 
Ing the necessity and de 
stability of continuing 
each program is a good 
one. 

The new managerne 1 '! 
strategy of the DoD lead 
ershlp wllf place greate* 
responsibility on the Sec 
retarles of the Army, Nav> 
and Air Force for the de 
velopment and manage 
ment of their segments c* 
the Defense Departm©"? 
program. The service sec 
retarles have been added 
to the top management 
board of the Department-- 
the Defense Resources 
Board. 

Under the new strateg c 
planning system, me 
Joint Chiefs ot Statf taM> 
responsibility, along win 
the Under Secretary of De 
fense for Policy, for deve' 
oping more comp/ehen 
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military oojecuves, poli¬ 
cies, and slrategies. There 
will be close attention to 
the resource implications 
of these policies in order 
to close the gap between 
military requirements and 
resources budgeted. 

Within the given pol¬ 
icies and resources, the 
secretary will look to the 
services to recommend 
the best way to meet the 
objectives wilhln their 
budgets. The secretary 
will also maintain a strong 
central staff to assure 
cross-service programs 
analysis and thus guar¬ 
antee the fullest and best 
use of budgeted dollars 
throughout DoD. 

Navy taps enlistees 
for pilot training 

The Navy began send¬ 
ing enlisted personnel to 
flight school In April for 
the first time in recent 
years, in order to make up 
for a shortage of pilots, 
enlistees In pay grades 
E-5 through E-7 are now 
eligible for training at the 
Navy flight school in Pen¬ 
sacola, Florida. 

'These people will get 
the same training as 
everyone else,” said Vice 
Adm. George E. R. Kin- 
near 2d, commander of 
the Atlantic Fleet Naval 
Air Force. ‘They won’t get 
Ihelr wings unless they 
meet the standard.” 

The retention rate for 
Navy pilots dropped from 
62 percent In 1977 to 46 
percent In 1978 and 31 


ueiense uepanmeni ug- 
ures show that the Navy 
needs some 3,600 more 
pilots and about 400 more 
flight officers than are 
currently on board. 

More opportunities 
for small R&D firms 

The Department of De¬ 
fense has announced 
establishment of a De¬ 
fense Small Business Ad¬ 
vanced Technology Pro¬ 
gram to capitalize on the 
potential of small, high- 
technology firms. 

The program is de¬ 
signed to promote innova¬ 
tive solutions tc scientific 
and technical problems 
facing the defense com¬ 
munity by Increasing the 
participation of small, 
high-technology firms In 
the department’s research 
and development initia¬ 
tives. The program Is not a 
substitute for current un¬ 
solicited proposal mecha¬ 
nisms. It is designed to 
augmenl existing acquisi¬ 
tion processes and to bet¬ 
ter Inform DoD research 
offices of the technologi¬ 
cal potential of the small- 
business community. 

Approximately 20 re¬ 
search and development 
project areas of particular 
interest to the Army, 
Navy, Air Force, and De¬ 
fense Advanced Research 
Projects Agency will be 
Identified for exploration 
under a three-phase pro¬ 
gram. A key feature of the 
program is its streamlined 
procedure for reducing 


vestment in proposal writ¬ 
ing. Phase I proposals are 
limited to 20 pages. 

Phase i awards cf up to 
$50,000 each are con¬ 
templated for preliminary 
research and develop¬ 
ment to demonstrate the 
feasibility of those pro¬ 
posals deemed most like¬ 
ly to yield solutions to 
R&D problems. Contracts 
under Phase I will last for 
six months. Under Phase 
II, DoD plans to award 
advanced-development 
contracts ranging from 
$100,000 to $500,000 each 
for a period of up to two 
years for Phase I projects 
judged most promising. 
Phase III will include 
follow-on DoD production 
awards, commercial ap¬ 
plication of the research 
and development, or a 
combination of the two. 
Commercial application 
would be funded with pri¬ 
vate venture capital. 

Program information 
may be obtained by writ¬ 
ing to: Director for Small 
Business & Economic 
Utilization Policy, Office 
of the Under Secretary of 
Defense, Research and 
Engineering (Acquisition 
Policy), Room 2A340, The 
Pentagon, Washington, 
DC 20301. 

Reservists get 
active-duty option 

The Department of the 
Army is offering Reserve 
and National Guard sec¬ 
ond lieutenants the op¬ 
tion to serve three-year 


new piuytaiu uesignea to 
fill a substantial number 
of vacancies in the active 
ranks. This opportunity is 
available to second lieu¬ 
tenants of all branches ex¬ 
cept the Medical Services 
Corps, Nurse Corps, 
Chaplain candidates, and 
otherspeclal branches. 

Although selection for a 
three-year active duty tour 
cannot be guaranteed to 
all applicants, Army offi¬ 
cials state that the large 
number of available posi¬ 
tions makes chances excel¬ 
lent for interested and qual¬ 
ified second lieutenants. 

For further Information 
call toll free (800) 325- 
1874 or AUTOVON 693- 
7623/7207. 

Temporary freeze on 
women in uniform 

The Army has decided 
to freeze temporarily the 
number of women In uni¬ 
form while reassessing 
their impact on readiness. 
Current plans are to sta¬ 
bilize the number of 
women at 65,000 through 
fiscal year 1987, which 
will result in a cumulative 
shortfall of 22,500 recruits. 

Field commanders have 
reported growing prob¬ 
lems with women coping 
with the strength and 
stamina requirements of 
some specialties. An addi¬ 
tional consideration that 
led to this decision was 
the results of an Army 
study indicating wildly 
fluctuating attrition fig¬ 
ures for women in differ- 


Event 

Date 

Place 

Contact 

An Integrated Management 
System for Managers in 
Electronics 

May 27-29 

May 27-29 

Sep 16-18 

Nov 4-6 

New York, NY 

New Jersey, NJ 
Chicago, IL 

Boston, MA 

EIA Education 

Suite 405 

2001 EyeStreel, N.W. 
Washington, DC20006 
(202)457-4996 

The Next 20 Years In the 
Defense Industry 

Jun 1 

Boston, MA 

AIAA Seminars (Dept. Dl> 
P.O.Box 91295 
(5959 W. Century Blvd.) 

Los Angeles, CA 90009 
(213)670-2973 

Contract Pricing Techniques 

Jun 1-5 

Jul 20-24 

Washington, DC 

San Francisco, CA 

American Graduate University 
733 North Dodsworth Ave. 
Covina,CA91724 
(213) 966-4576 

Basic Project 

Management 

Jun 8-11 

Nov 2-5 

Oct 12-15 

Washington, DC 
Washington, DC 
Chicago, IL 

American Management 
Associations 

135 West 50th Street 

New York, NY 10020 
(212} 246-0800 

Operational Availability 
and Maintainability 

Engineering 

Jun 22-26 

Los Angeles, CA 

Continuing Education In 
Engineering & Math 

6266 Boelter Hall 
_ UCLA Extension 

Reliability and Life Testing 

Aug 10-14 

Los Angeles, CA 

Los Angeles, CA 90024 
(213)825-1047 

Technical Writing Course 

Jul14-30 

Washington, DC 

Special Programs 

Graduate School, USDA 

277 National Press Building 
52914th Street, N.W. 
Washlnglon, DC 20046 
(202) 447-3247 

Systems Acquisition 
Management Conference 

Jul 15-17 

Washington, DC 

National Institute for 
Management Research 
P.O.Box 3727 

Santa Monica, CA 90403 
(213)450-0500 

Software Engineering 

Principles 

Aug 3-14 

Monterey, CA 

Ms. Janet Stroup 

Code 7590 

Navai Research Laboratory 


Washington, DC 20375 
(202) 767-2774 


